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EXECUTIVE SUMMARY 

The Vineland Chemical Company (Vichem) Plant Site Remedial 
Investigation <RI) is one of three Rls being performed for the 
ViChem work assignment. The Rls include: 

o The ViChem plant site proper; 

o The Blackwater Branch upstream of the plant to its 
confluence with the Maurice River; the Maurice River 
from the Blackwater Branch to Union Lake, approximately 
seven river miles downstream; and the Maurice River 
below Union Lake to the Delaware Bay, an approximate 
river distance of 25 miles; and 

o Union Lake, an 870-acre impoundment on the Maurice 
R1v© r• 

The purpose of the ViChem Plant Site RI was to collect 
sufficient data to prepare a risk assessment and to perform a 
Feasibility Study <FS> to evaluate potential remedial 
health9 risks environmental media found to pause increased 
within sirHri',1 " K as?essment evaluated contamination within surflcial soils, subsurface soils, residential soils the 
anHUni beneath the site, and within some of the buildings 

lagoons on site. The FS will concentrate on the soils 
groundwater and some of the buildings and lagoons. ' 

T>Ie X^henJ site is rank<:d among the top 10 hazardous waste sites 
Priorities'^LiTt 3 v rhS ranked number 42 on the National Priorities List. ViChem has manufactured organic arsenical 
herbicides and fungicides at this plant since 1949. 

Detailed information on past use, storage, and disposal of all 
process materials at the plant is not available. It is knlwn 
that waste salts, containing arsenic with a hazardous waste 
in? theKp0neSWen outd°ors' and that precipitation contact-

® flushed arsenic into the groundwater. Also, the 
plant previously discharged untreated process water into 
lagoons and the water was allowed to percolate into the 
diSrharnJS^' • * Thfv, contaminated groundwater subsequently discharged; into the Blackwater Branch and was distributed 
downstream m the Maurice River drainage system. 

v inves.tRations have shown elevated arsenic 
concentrations in surface waters and sediments extendina 
Delaware^BayT 26 mil6S downstream of the plant to the 
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ViChem is located in the northwestern corner of the City of 
Vineland, New Jersey. The plant is located in a partly 
residential and partly industrial area. 

The field work for this RI was conducted in two phases. Phase I 
took place in June and July of 1986. Surface water and sediment 
samples were obtained from the Blackwater Branch adjacent to the 
plant site. Phase II took place in 1987. in January, 1987, 
groundwater and air samples were collected to determine the type 
of well construction materials to use when installing monitoring 
wells and to determine the level of respiratory protection for 
M16pers°nnel* The remaining Phase II work took place from 
May through October, 1987. Activities included installing 36 
monitoring wells and taking groundwater, soil, building dust, 
lagoon, surface water and sediment samples. 

Five bench-scale treatability tests were performed. Chemical 
fixation and chemical extraction were performed on the soils 
and adsorption, ion exchange and reverse osmosis were performed 
on the groundwater. The fixation test was performed to 
determine if arsenic in the soil could be chemically stabilized 
or physically bound to the soil such that leachable arsenic 
concentrations were less than 5 mg/1. The extraction test was 
performed to determine if arsenic could be removed from the soil 
to a concentration of 20 mg/kg, the background arsenide 
concentration in New Jersey soils and the New Jersey Department 
of Environmental Protection (NJDEP) guidance for arsenic cleanup 
m soils. The groundwater tests were conducted to determine if 
arsenic could be removed from pretreated groundwater to below 50 
g ' the Federal Primary Drinking Water standard for arsenic. 

The major findings of the ViChem Plant Site RI were as follows: 

° The groundwater in the upper aquifer beneath the site, called the upper sand in this RI report, is contaminated 
with substantial quantities of arsenic. The upper sand 
extends approximately 40 to 50 feet below the ground in 
the contaminated areas. The upper sand discharges an 
estimated 6 metric tons of arsenic per year to the 
Blackwater Branch, which can be distributed downstream 
in the Maurice River system. Contaminated groundwater 
apparently does not flow beneath the Blackwater Branch 
nor is the groundwater below the upper sand signifi­
cantly contaminated with arsenic. 9 

° ™ calculated present-day input of arsenic into the 
groundwater is 0.04 to 0.14 metric tons per year, far 
less than the calculated arsenic output. Therefore 
the majority of the arsenic in the groundwater is 
believed to come from past contamination. 
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0 ?° , ,sanlPles collected above the water table showed 
localized spots of arsenic contamination. The 
contamination was generally found where expected in 
areas of known or suspected past operating practices 
where arsenic was applied to the surface soil. This 
arsenic may leach into the groundwater. Soil samples 
below the water table showed less arsenic 
contamination. However, the arsenic is not tightly 
bound to the soils and may continue to desorb into the 
groundwater. Estimates prepared for the FS indicated 
that it may take many years for the arsenic 
concentration in groundwater to fall below 50 uq/1 if 
all sources are removed. 

o samples taken off site, and soil samples taken on 
site where past surface applications of arsenic were not 
suspected, generally had low arsenic concentrations. 
The data indicated that surface migration of soil 
contamination was not occurring to a significant degree. 

o The risk assessment considered a number of pathways 
whereby the public and the plant workers could be 
exposed to arsenic in the soils and groundwater. 
Exposure pathways were modeled on a worst case basis-
using maximum contaminant concentrations, and on a most 
plausible basis, using mean contaminant concentrations. 
Worst case and most plausible risks to residents from 
exposure to soils were 1 x 10"4 and 6 x 10~7 
respectively. For workers, the worst case and most 
plausible risks from soil exposure were 4 x 10~3 and 
2 x 10-', respectively.. The health risks calculated 
for groundwater ingestion were very high. However, it 

helieved that no residents in the immediate vicinity 
i16 i. Slte a.re using the arsenic contaminated groundwater at this time. 

o The treatability studies determined that chemical fixa­
tion and extraction were feasible methods to treat the 
contaminated soils, and adsorption of arsenic and ion 
The ?aSibl?Jmethods to treat the groundwater. 
The FS will evaluate these treatment methodologies. 

The data collected in Phases I and II and the previous data were 
sufficient to meet the study objectives of performing a risk 
alternatives "far pefrhformin9 an FS to evaiuate 'remediU alternatives for the contaminated soils and groundwater 
total^extent were identified, including defining the rotai extent of the groundwater plume in peripheral areas-

„naftUr-e °£ 3 VSry Ur9e atSeniC defining on-site soil contamination if soil 
to better" deft™*'rform®d; *nd Performing column leaching tests 
Snsa^med soUs """" £he saturated and 
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1. 0 INTRODUCTION 

The U.S. Environmental Protection Agency (USEPA) on May 9, 1986 
authorized Ebasco Services Incorporated (Ebasco) to conduct a 
Remedial Investigation/Feasibility Study (Ri/FS) on the Vineland 

emica1 Company (ViChem) site, Vineland, New Jersey. The RI/FS 
was performed in response to Work Assignment Number 37-2LB8 
under Contract Number 68-01-7250. Preparation of this report 
!!a^, accomplished pursuant to the approved Work Plan for the 
ViChem site dated November 17, 1986 as amended in October 1987. 

RITHand thr6f FS reP°rts have been prepared for the ViChem 
The ^Ports, the areas they cover, and the dates of 

submission to the USEPA are presented in Table 1-1. 

The study area is approximately 38 miles long: 11 miles of 
riverine environment (including two miles upstream of the plant)-

miles of lacustrine environment; and 25 miles of estuarine 
environment. This report addresses the ViChem plant site. The 
location of the study area is shown in Figures 1-1 and 1-2. 

1.1 REMEDIAL INVESTIGATION OBJECTIVES 

The objective of the ViChem Plant Site RI was to obtain the data 
required to conduct a risk assessment and to perform an FS to 
f^?iUatni P°te|lt:Lal remedial alternatives. Specifically the 
ViChem Plant Site RI objectives were threefold: 

Define the extent of contamination in the soil, ground­
water and some of the buildings and lagoons in the 
ViChem plant site area; 

Identify the contaminants and pathways that have actual 
or potential impacts on the public health or the envi­ronment; and 

o 

Conduct bench-scale studies to evaluate the feasibility 
of treating contaminated soil and groundwater, and 

the potential impacts of proposed remedial measures. 

Ebasco performed field studies in 1986 and 1987 in order to 
t0 Carry °Ut thSSe obiectives. Specific elements 

of the field program are described in Subsection 1.3.2 and in 
In addition, treatability studies were performed to 

e aluate potential treatment technologies for contaminated soils 
augme9nrt°eUd °?tlined in Section 7- This information"as 
and fh ^ previous studies conducted for ViChem 
to"'meet the RI/F^ 'b"e Provided the information meet the RI/FS study objectives. Additional data will be 
necessary to fully determine the extent of soil and groundwater 
contamination during remedial design activities. 

6835b 1-1 
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1.2 BACKGROUND INFORMATION 

1.2.1 Site Description 

The ViChem plant is located in a residential/industrial area in 
the northwest corner of the City of Vineland in Cumberland 
County, New Jersey. The plant location is shown in Figure 1-3. 

The plant is bordered on the north by Wheat Road and the 
Blackwater Branch, a tributary of the Maurice River. 
Residential areas border the plant to the east, west and south 
along Orchard, Oak and Mill Roads, as shown in Figure 1-4. 

ViChem has produced organic herbicides and fungicides at this 
location since _ 1949. ViChem currently produces two major 
herbicidal chemicals, disodium methanea r sonate and monosodium 
methanearsonate. Table 1-2 lists chemicals used, manufactured 
or known to be stored at the ViChem plant. 

The ViChem plant site is shown in Figure 1-5. The plant con­
sists of several manufacturing and storage buildings, a labora­
tory, a worker change facility, a wastewater treatment plant and 
several lagoons. The manufacturing and parking areas shown in 
Figure 1-5 are paved. The lagoon area is unpaved and devoid of 
vegetation. This area is dominated by loose sandy soils. The 
remainder of the site is covered by trees, grass, or shrubs. 

THE SITE IS SITUATED IN A RESIDENTIAL/INDUSTRIAL AREA. TWELVE 
RESIDENCES ARE SHOWN IN FIGURE 1-5 IN THE IMMED-IAFO WIRINIT-,, 

- u — w .. ... J- -i-yuiC X — Z. . 

Some time between inri I  I O O C  T  

ui amcu, 

6835b 1-6 



SC-iL£ 1 2iOOC 
BASE MAP PREPARED BV U.S.G.&. 1977 

U . S .  E N V I R O N M E N T A L  P R O T E C T I O N  
A G E N C Y  

V I N E L A N O  C H E M I C A L  C O M P A N Y  S I T E  

FIGURE 1 -3  

V I N E L A N D  C H E M I C A L  C O M P A N Y  
O N E  M I L E  R A D I U S  

E  B  A  S C O  S E R V I C E S  I N C O R P O R A T E D  

< H 2 
O O 

o 
00 

CO 



LEGEND: 

172) BLOCK NUMBER 

• SOIL SAMPLING LOCATIONS 

R RESIDENCES o LOT NUMBER 

NORTH 

?M!T,'SA?,PT^E^RED BV CITY ENGINEER. WILLIAM G. 
AUSTIN. CITY OF VINELAND. OCTOBER 1971. 

U . S .  E N V I R O N M E N T A L  P R O T E C T I O N  
A G E N C Y  

V I N E L A N D  C H E M I C A L  C O M P A N Y  S I T E  

FIGURE 1-4 

RESIDENTIAL SOIL SAMPLING 
LOCATIONS AND 

WATER SUPPLY ALONG N. MILL ROAD O 
E B A S C O  S E R V I C E S  I N C O R P O R A T E D  



TABLE 1-2 

CHEMICALS USED, MANUFACTURED OR STORED AT VTNET.AND CHFMTPAL PT.ANT 

METAL ORGANTC ARSENTC COMPOUNDS 

Disodiurn methane arsonate 
Dodecyl and octylammonium methane-arsonate 
Monosodium acid methane arsonate 
Calcium acid methane-arsonate 
Dimethylarsonic acid (Cacodylic acid) 

ORGANIC MERCURY COMPOUNDS 

Phenyl mercury dimethyldithiocarbamate 
Phenyl mercuric acetate 

HERBICIDES 

Sodium 2,4-dichlorophenoxy acetate 
2-4-dichlorophenoxy acetic acid (2,4D) 
2(4-chloro-2-methy1 phenoxy) propanoic acid (MCPP) 

bis(dimethylthio-carbonyl)disulfide (thiram) 

1,4-bis (bromoacetoxy)-2-butene 
2,3-dibromopropionaldehyde 

Alkylarylpolyether alcohol 

SOLVENTS AND GENERAL ORGANTC CHEMTCAT.S 

INORGANIC METALS AND SAT.TS FLOCCULANTS 
Arsenic 
Me rcu ry 
Mercury (II) chloride 
Mercury (I) chloride 
Cadmi um 
Cadmium chloride 

Aluminum 
Iron 

Benzyl alcohol 
Xylene 
2,3 Benzofuran 

Methyl chloride 
Methylene chloride 
Trichloroethane 
Trichloroethylene 

Methylene-bi s-thiocymate 
Hydrobromic acid 

Methanol 
Epichlorolydrin 
Acrolein 
Isopropyl alcohol 

Tetrachloroethylene 
Bromochloromethane 

Tetrabutyl ammonium bromid' 
Bromo acetic acid 
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TABLE 1-2 (Cont'd) 

OiEMI£ALS_USED^ WABUFACTURFn FR__STORED_AT_J/INELAMD C H F M T P . T  

' SOLVENTS AND GENERAL^ORGANIC CHKMTrar.g (Cont'd) 
Glycerine 
Triton X-100 
Formaldehyde 
Butanediol 

POSSIBLE CHEMICATiS FROM MANUEACTURTNn 
Phenol 
Chlorophenols 
Chloroacetic acid 
Chlorides 
Arsenic trioxide 
Arsenic pentoxide 
Methyl chloride 
Methano1 
Sodium hydroxide 
Calcium oxides, chlorides, 
Mercury oxides ' 
Cadmium salts 

Gasoline 
Kerosene 

sulfates 

,, c,.,„ 

sisra~SK̂  
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A wastewater treatment system is in operation at the ViChem 
plant. The system has a design capacity of approximately 25 
gallons per minute (gpm), or 36,000 gallons per day (aod) 
assuming 24 hours of operation. The system was designed to 
treat between 2,000 and 5,000 gpd of process water, 20,000 and 
of groundwater that was to be pumped from the shallow water 
taoie, and storm runoff water as necessary. in addition 
provisions were made to collect up to 60,000 gpd of non-contact 
cooling water in the event that a mechanical breakdown occurred 
and mixed the non-contact cooling water with the contaminated process water. 

The wastewater treatment system consists of mix tanks, a reacti­
vator, filters and ancillary equipment. Ferric chloride is added 
to the first mix tank and caustic soda is added to the second 
mix tank to promote flocculation. The wastewater then enters 
the reactivator where it is mixed with a polymer. This mixture 
then passes through a flocculation compartment where the larqe 
particles settle to the bottom and are removed to a rubber-lined 
tank. The reactivator effluent is polished by a tertiary filter 
before discharge. The slurry in the rubber-lined tank is pumped 
into a vacuum filter and the dry solids are deposited in a 
dumpster for off-site disposal. Any liquid not meeting 
discharge requirements is reportedly recirculated for treatment. 

Some of the lagoons shown in Figure 1-5 are used in the waste-
4Q^e^nn system; Lagoon LL-1 is a lined lagoon with a 
490,000 gallon capacity. This lagoon was designed to hold 
process water, groundwater, and storm water as necessary prior 
to treatment. Water can be pumped from this lagoon to the 
wastewater treatment plant at 25 gpm. Lagoon LL-2 is also a 
lined lagoon but it has a concrete base. It was previously used 
to store the arsenic-contaminated waste salt K 031 produced as a 
,^J!r<^UCh berblcide manufacturing process, and later was 

v. 6 treatment Plant sludge prior to disposal. it 
now holds water to be recirculated for retreatment. Lagoon UL-A 
is an unlined lagoon. This lagoon receives the non-contact cool­
ing water and the treated discharge from the treatment plant. 
Because the site soils are sandy and this lagoon is unlined 
water m the lagoon rapidly infiltrates into the groundwater. 
The remaining lagoons shown in Figure 1-5, UL-B, UL-C, and UL-D, 
are all unlmed and are not currently used in the water treat-
Fnv^rn™^?'! a<Trial Photographs provided by the USEPA's 
USFPVPhotographic Information Center (EPIC) used in the 
-L- .JJ fj »naj£SlS' Vineland Chemical Company (Simpson, 1988) 
iini -i n H\ ' ' UL-C, UL-D and LL-1 (which was previously unlined) were connected to one another in the past. The 
photographs snow that all of the lagoons were filled with liquid. < 
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The two lined lagoons, LL-1 and LL-2, are regulated by RCRA 
The wastewater treatment plant and the unlined lagoon, ULA are 
regulated under the NJPDES program. Other active solid Was^e 
™a"a9ement. units at the plant site include: trailers/tote bins 
used to score the K 031 waste salts and the treatment plant 
the fV 3 septl^ system and leach field; and the soil beneath 
the floors of the production buildings, where past operating 

i- reportedly Produced spillage. Inactive/abandoned 
solid waste management units are basically areas where waste 
salts were improperly stored in the past, including the waste 
storage"areas.S piles' chicken coops, and outdoor drum 

The treatment plant was designed to produce an effluent with an 
wvn!niC . c?nFentration of 0.05 milligrams per liter (mq/1) 
ViChem initially had difficulties achieving this level in 
interim standard of 0.7 mg/1 was therefore agreed to and ordered 
o^^o^ma/i °ni De<rember 22' 1981, with the understanding that the 

level would eventually be met. In-house analytical 
ef fVipnt Peh 1 °n 3 daily basis by viChem indicate that the 
levils areaSsM??n red"ced below the interim standard. The levels are still greater than 0.05 mg/1 when the influent 
concent rations are high, but are less than 0.05 mg/1 when the 
influent concentrations are low. 

ViChem reports that it no longer treats either groundwater or 
process water. Reportedly all of the water used in manufac 
turing the herbicides is consumed by the process and is included 
JL1!1 8n moisture in the product. ViChem ceased pumping and 
NiDEpin9Onpr0Uf ^8r in July 1987 with the consent of the 
NJDEP. One of the reasons the NJDEP allowed ViChem to ston 

j* treating groundwater was the NJDEP's concern that 
the treatment plant effluent, whatever its arsenic concentration 
would cause a groundwater mound, driving existing contaminating 
deeper into the groundwater and promoting off-site mioaHin 
The wastewater treatment plant now reportedly treats only storm water runoff on an intermittent basis. "eats only storm 

loLhofbit% 

dlsp£saUrofUSa"athe a"tber °* * °31 ̂  *Ie neither treated no? 
days The V n°r stored °n-site for more than 90 

-Ti.- are transPorted by licensed shippers to licensed facilities in Ohio and Michigan for disposal. 
1*2.2 Site History 

fungicides9 at tM^M^nt""9 or9anac atsenical herbicides and unyioiaes at this plant in approximately 1949. in addition to 
herbicides and use^nth"6 -COmpany. als° produced ̂ atafumTaseS < 
Tahie i 9 f 2 inorganics such as lead and mercury S 
™ Vt t̂ cS ?lanltSt °f ChemiCalS manuf actu ̂ed, or 3 

O o V-1 
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As early as 1966, the NJDEP observed ViChem discharging untreated 
wastewaters with unacceptable arsenic concentrations (67 mg/1) 
into the unlined lagoons. An unknown quantity of arsenic rapidly 
^nfl11nt"ted. into the groundwater from the lagoons. On February 
8, 1971, ViChem was ordered to install and provide industrial 
wastewater treatment and/or disposal facilities. The wastewater 
treatment works did not become operational until March 1980. 

Waste salts from the herbicide production process were stored 
on-site in uncontrolled piles on the soil, in the concrete 
lagoon LL-2 (which at the time was unlined), and in abandoned 
chicken coops on the plant property. The storage of salts in 

WT! observed in. April 1970 and in the coops in April 
1973. It was not until 1978 and many court orders that the 
salts were containerized and removed. These salts reportedly 
contained one to two percent arsenic (Woodward-Clyde, 1985). As 
these salts have a high solubility, precipitation contacting 
these piles rapidly dissolved the salts, carrying an unknown 
quantity of arsenic into the groundwater. 

Between 1975 and 1976, ViChem was "fixating" the waste salts for 
fhJP°fiSraiPrtat Kl";B"C Landfi11* The process involved mixing 
the dried salts with ferric chloride and soda ash, reportedly 
reducing the solubility. The process was stopped in 1976 when 
the Km-Buc Landfill voluntarily stopped accepting all chemical 
tho indl;din9 the fixated salts. ViChem then resumed piling 
the untreated waste salts on the soil surface at the plant site. 

A court order issued on January 26, 1977 required ViChem to 
containerize the waste salts from the chicken coops and piles, 
then store the drums in a warehouse off-site. In June 1979 
another order was issued for the disposal of the stored drums in 

Removal and disposal of these drums was not completed until June 30, 1982. 

thf waste salts' and the sludge from the wastewater 
Lnf Th/?nh?'hare Stored V1 lar9e capacity trailers and tote bins. The tote bins are filled at the point of generation in 
the manufacturing buildings, and then emptied into the 
u n l l l t l l -  55® NJI?f belHieves that releases from this system a r t  
faciliMec ?fsa I sludge are transported to the licensed 
fou ir fL f 1 above. During peak production, as many as or five trailers are filled and removed per week. 

orfnhL pThob°9raPbs Provided by the EPA's Environmental Photo-
9 p Information Center (EPIC) and conversations with ViChem 
na? ore%h24lc?etaert/eVeral PO!Sklble past contami-tion. The cleared area in the southwest corner of the site 
shown as a "former outdoor storage area" in Figure 1-5 used to 
1975°CandieMarch C°°PS' Sometime between November 
19/5 and March 1979, both coops were destroyed. These COODS C 
the6 1970° The UmSaetdPrt0 process chemicals and/or waste in g 1970s. The materials stored m the coops may have perco-

o o I-1 
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lated into the groundwater. This area is now devoid of vegeta­
tion. Photographs show many locations containing mounded 
material and/or drums. These were observed in the lagoon area 
and along the plant road. The waste salts were reportedly 
mounded so high at times in lagoon LL-2 that the salts spilled 
over onto the soil in the lagoon area. 

It is alleged that the floors of the manufacturing have been 
leaking arsenic compounds into the underlying sands for years. 
The original floors of the buildings were brick and were 
allegedly in need of repairs several years ago. Allegedly, when 
the old bricks were removed, the soil contained crystalline 
waste from previous spills. It is not known whether the soils 
were removed when the floors were replaced, although in Ebasco's 
Phase II investigation the soils below building number 9 were 
sampled and had high arsenic concentrations (Section 4). The 
floor of this building was solid and in good repair durina 
Ebasco's 1987 investigation. 

In response to a series of Administrative Consent Orders issued 
by the NJDEP, ViChem instituted some cleanup actions and 
modified the production process. The cleanup actions included 
stripping the surface soils in the manufacturing area, piling 
these soils in the clearing by well cluster EW-15, and paving 
the manufacturing area; installing a storm water runoff collec­
tion system; removing the piles of waste salts; and installing a 
groundwater pump and treat system including the wastewater treat­
ment plant. Modifications to the production process included 
modifying the water system so that mixing of process water and 
non-contact cooling water was unlikely, lining two of the 
lagoons used in the wastewater treatment system, (LL-1 and LL-2) 
and properly disposing of the waste salts off-site. 

augg®st®d J.utl^at. a serious groundwater contamination 
problem existed at the ViChem site and that the groundwater was 
discharging into the streams and degrading the downstream water 
quairty Therefore, this RI/FS was undertaken to investigate 
the extent of the soil and groundwater contamination and to 
evaluate remedial alternatives for rehabilitating the soil, 
groundwater, downstream sediments and surface waters. 
1-2.3 Permit Actions 

On December 2, 1985» the USEPA informed ViChem that its interim 
status for the lined RCRA impoundments was terminated as a matter 
of law on November 8, 1985 because of failure to comply with 
ra? ^ 0f- RCRA* The USEPA determined that the company 
(a) failed to certify compliance with the applicable financial 

re^fments f°r closure and post-closure care, <b) 
J6r 5y that reguired liability insurance was ever 

actually obtained, and (c) failed to certify the preparation of 3 
h?;oufniaw?tfr monitoring program meeting the requirements applic- z able to interim facilities. The company was to cease placing 

hazardous waste into the two lined lagoons. c 
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ViChem submitted applications for RCRA and NJPDES permits The 
RCRA permit application was for storage of hazardous wastewaters 
in the two lined lagoons. The NJPDES discharge to groundwater 
permit application was for discharge to the unlined lagoon UL-A. 
In April, 1986, the NJDEP advised ViChem of ^ 
ti" baLsC£orantheNJtPDEtSt'!erraiHtS-- The and^dminls?^ 
arp Jhf w tenta^lve decision to deny the NJPDES permit 
rnn^Jf the discharge of 200,000 gallons per day (gpd) of non-
hvSr = ,^- Cooll"g ™ater int0 the unlined lagoons increased 
rilfnor gradients.' thereby forcing contaminated groundwater 

1Tl aquifer and further off-site; and (b) the treat­
ment works were unable to meet the discharge criterion of T s 
mg/1 for arsenic. The technical bases for denying the RCRA 
ul^i,aPPllCati°n were inadequate closure, posY-closu^e and 
mnnHn assurance requirements, and an inadequate groundwater 
monitoring program. The administrative basis for denial was tho 
failure to submit a complete hazardous waste facTliv TP™? 
hPPn^r^H 9hVfn- adequate time to do so. The NJPDES permit has been denied, but is being appealed by ViChem. 
1*2.4 Previous Investigations 

NJDEP nU?bV 0£ studies hav« been performed by or for the 
watershed and .V 
conducted some investigations into the groundwater plume at Jhe 

"nd TheP ̂ ^UeT^t^T^ & 
tions in fhreMUltS Sh0W6d that the sediment arsenic concent^a-

^S^FaSwSSrlTiSa 
sirJam Also th? ? aPP«*i»»tely 36 river miles down! 

T£ q , until 26.5 river miles downstream from the ViChem site 

|2Si 
E=:£ HHSK ££r*s*yrs 
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In 1979' NJDER sampled soils in the Vichem plant area. Samples 
were taken at the surface and at depth. The study showed 
arsenic concentrations ranging from undetected to 864 ma/ka at 
various locations in the plant area. <y*y 

In 1981, the NJDEP performed a surface geophysical survey of the 
plant area The, study identified two areas of probawJYrounS? 
n ?a6£ contanunsition, one northwest of the lagoons toward the 
Blackwater Branch and the other near the former outdoor storage 

t i'estimated that the probable maximum depth of the contaminant plume was approximately 40 feet. 

*5Vi982; ViChem commissioned a groundwater investigation of the 
a Wh 4. study, previous investigations were reviewed and 
a scheme to remove arsenic from the contaminated aquifer was 
pro - posed. This study included several sets of water quality 
data. Approximately 4 1/2 years of monthly arsenic 
da^from'v^^ W6U ̂  Were Presented alongwUh 

t  / a ViChem wells MW-6 and MW-10. These data showed a 
marked drop in the arsenic concentration in the groundwater 
between 1978 and 1981. The study also presented monthly levels 
of arsenic in the Blackwater Branch at Mill Road, and in the 
that1ChL Jer at !:he Almond. Road weir. The study postulated 

the arsenic load at Mill Road was very similar to the 
IssJntLllv aatconrtT> f0ad' impl.yin9 that the ""er system was 

SSraVll Sr PUmP and "O"" along YJS 

In 1982, an employee of ViChem was diagnosed as having subacute 
arsenic poisoning. The New Jersey Department of Health then 
conducted a "Cross-Sectional Evaluation of Arsenic Exposure and 
Toxicity at the Vineland Chemical Company." The study revealed 

at employees had elevated arsenic concentrations in their hair 
IrLnir1*?'- ̂  ̂  exhibited minor symptoms associated wi^ 
result of 0n4.v,the Skin and mucous membranes. As a 

bhl® survey, the arsenic handling practices in the production facility improved. 

frL^oan6! c?nducted by the NJDEP and Rutgers University 
Hi* h n2 « Union Lake. The studies showed that SUion 
Lake is chemically stratified during the summer. This stratifi-

Ch®ateS seasonal anaerobic conditions in the bottom sedi­
ments, which are conducive to the formation of toxic arsenical 
compounds from the contaminated sediments (NJDEP, 1986) The 
and9sidT"oirrSity W"k includ«d sampling and analysis of water 
nd sediments, as well as speciation of arsenic [trivalent (As 

III), pentavalent (As V), monomethyl arsenic acid (MMAA) and 
theaw»r acl/ <DMAA)<Fa"St, 1983)]. This study concluded 

waters and bottom sediments were highly contaminated 3 
2 

o o 
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with substantial quantities of arsenic, and that total arsenic 
! nS a11 lake water samples exceeded the NJDEP and 

EPA drinking water standard of 50 ug/1. In sediments, the order 
of predominance of the four arsenic species (in descending order) 
was. As (V), As (III), MMAA, DMAA. In four of the sediment 
samples, the inorganic arsenate was between 73% and 88% of the 
total arsenical species. In water, the order of predominance 
was MMAA, As (III), As (V), DMAA. The results of the samplina 

\vfeVf\led 8 sea?onal Pattern of arsenic concentrations 
ithin the lake water with the greatest concentrations occurring 

during the summer. Additional NJDEP sediment sampling near the 
nonlZaY ,area 0f "nion Lake in April, 1986 again showed arsenic 
contamination within the sediments and showed that contamination 
within the sediments was a surficial phenomenon. 

In a 1983 to 1985 study by Rutgers University (Winka, 1985) it 
s£ld andVhaf /HrSeniC eXiSt in many Species in'tie w'atei-shed and that these species may be transformed by changes in 
physical condition and season. Results indicated that within 
of thP totJi° ^ the in°rganic arsenic species may be one half 
of the total arsenic. Arsenic was not easily solubilized under 
aerobic conditions. The concern raised by these findings was 
Union Laic* anaerot?lc condition developed on the bottom of 
tSiiS As (hneandSA^^WfUld be ™adily converted into the more 
h» VLi I } ui As(V> forms- The more toxic forms could then 
stratifVprt ia water column upon seasonal turnover of the 
in^niuhio JSyerS' However' as these compounds are relatively 
hln!! ^ were expected to precipitate back to the lake bottom within a relatively short period of time. 

Jhp19Sh2aiiVlChem commissioned a pumping test to be performed on 
test estimWatedqU1a Unde-lyi^ th® lag00n area* The Piping mi estimated a transmissivity in the shallow aquifer of 
approximately 50,000 gpd/ft, and a storage coefficient of between 0.1 and 0.04. a coerricient of 

lo permit was submitted to the NJDEP. The application included a description of the 
wastewater and groundwater handling and a description of the 
wastewater treatment process and facility design The apDlia-
tion also included data on the production rate at the plant and 
t£ BuSatyer0£BrahnChTHteS Arsenic wncSSrSjiSSs'S oiackwater Branch through time were also presented. 

lg86V VlChem comrnissi°ned a pumping test to be performed in 
the deeper groundwater below the site. The plant's production 
well screened from 130 to 165 feet below the ground, was usld 

i6 pumpin9 wel1 and a deep monitoring well was installed in 
wUh „9a°t°enr a?ea', The pumpin9 test "as conducted for If hlurf 
sferar sLllfw L"erasu-red ln the deep '"onitoring well ani 
lllfn area Tho "ellS near the discharge in the goon area. The report concluded that the "clay layer" 
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reportedly encountered from 120 to 135 feet below the around and 
which the production well is screened below acts as a confining 
layer and prevents downward migration from the overlying 
aquifer. However, Ebasco's review of this pumping test data 
revealed that there was significant leakage across this "clav layer" during the pumping test. «"-r°ss tnis clay 

The USEPA's Environmental Photographic Information Center (EPIC) 
produced a report in March 1988 on the ViChem site. The report 
presents an aerial, photographic analysis of the ViChem plant and 
M̂ hT̂ 1!9 ?e "rSt eh°t°9"ph Presented was taken in 
i? v? ^ a"d the last was taken in November 1987. A total of 11 photographs are presented. 

Among other things, the analysis of the photographs shows areas 
of "Vegetation Damage" and "Vegetation S?ress" a?ong thl 
Blackwater Branch beginning with a September, 1979 photograph 
None of the prior photographs show vegetation damage or stress' 
and/o'r stress 8 "how some vegetation dama|4 

Some of the damaged areas are in the portion of the Blackwater 
Branch that was inundated with water from the beaver dam 
aftererAoriie ^ ̂ n0t constructed until some tim4 after April 1985, much later than the first indication of 
vegetation damage/stress. A topographic base map for the site 
^ flown APnl 1985 shows the Blackwater Branch flowing 
Jhat- fh°rrn^ channel at that time. It should be pointed out 
that the damaged/stressed areas are coincident with the 
contaminated groundwater plume coming off the ViChem site. 

In 1988, the USEPA's Environmental Response Branch prepared a 
bioassessment on the Blackwater Branch and the upper Maurice 

report. concluded that there was an adverse impact to 
tht  ViChem0 pTaTt1"1^ " ®lackwater Branch downstream from tne vichem plant. The impact takes the form of lower species 
diversity and a toxic response in bioassay tests done with the 
sediments. The adverse impact on the Maurice River is less ho£ 
ever, probably resulting from dilution. This report is presented 
as an appendix to the River Areas RI report (Ebasco, Jlegc) 
1-2.5 Community Concern*; 

tie"U^ftEPAthimlSenVSite WaS add6d t0 the Natronal Priori­es List, EPA implemented a community relations proaram to 
obtain th6' residents about the Superfund related activities and 
?"relaWve\v h?nh-a„dC°TUniKty C°nCern *!><=«»<* from 
morn- «? • f ? so became more specific. The involve-
and increased ̂ uhi *enVir0nmental groups generated media attention ana increased public awareness of the site. 

r.e.sult gf EpA's community relations activities five maior 
community concerns were identified: ' e maJ°r 

6835b 1-19 



o Human health risks from exposure to contaminated 
groundwater because some of the residents relied on 
groundwater for potable water; 

o Human health risks from exposure to contaminated 
surface water because local rivers and lakes are used for recreation; 

° F[ustration over the perceived lack of remedial action at the site; 

o A perceived lack of cooperation on behalf of ViChem 
during the remedial response process; and 

o A perception of inadequate information from the NJDEP. 
1.3 REMEDIAL INVESTIGATION STUDY 
1-3.1 Initial Activities 

nfea1wltlalmtaS »S °f this Work Assignment were the development 
Plan h Memorandum, a Work Plan, and a Field Operations 
Plan (for both Phase I and II) for the RI/FS. The Work Plan 

m J5rKSfnted the scope of the Program and the estimated 
schedule and budget to perform these initial tasks. 

Prior to the preparation of project plans, a site walk-thrnnah 
was performed to familiarize the investigators with the site 
?^e5-lnt p.ossi"e sapling locations, and obtain informal 
anJ d<;velopinp Health »"<J Safety Plan. Existing information 
and Pri5>r reports prepared by ViChem and the NJDEP were also 
reviewed. Following the site visit and the evaluation of the 
existing data, potential remedial alternatives were identified 
ind°to en.cV'VT °Ut fleld sampling and analyses prog^m 

to specify the appropriate levels of data quality required. 
1-3.2 Field Investigation 

Ebasco's field investigation at the ViChem plant site was con-
above ^he Tirst®9?8 followJng the initial activities outlined Tfirst stage was to conduct a limited site reconnais­
sance sampling. The second stage involved performing the bulk 

S!a J? " described in Section 2 of this Ri as a part of 
Phase II investigations for the overall ViChem site. 

Site Reconnaissanra 

1QR7 sit®. oreconnaissance sampling was performed in January, 
1987. The purpose of this sampling was to collect selected 
£JtS?iJl£ert<?am™S n° <?®termin® the ̂  of well construction 
establish tho on-site, and to collect air samples to 
thPh. Snf  ̂  ® r®sPiratory Protection required during the bulk of the investigation. vaur._i.uy 
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sampling is described in Subsection 2.2 1 The 
USEPA determined that if the groundwater samples displayed total 
o games concentrations of less than 1 mg/1, PVC could be used 
to construct the monitoring wells if fh» 
concentrations were greater 'than61̂ ,/!" 
be used to construct the monitoring wells. 

The results showed that the total organics concentration in 
groundwater was significantly less than 1 mg/1. Thlrefore PVC 
monitoring wells were installed. This resulted in a significant cost savings over using stainless steel. significant 

The air sampling is described in Subsection 2.2.2. The results 
could6 bT u"d bvh°ffeldthat level ,D resP*rat°ry protlction 
investigations * Personnel during the on-site 

Phase IT 

The Phase II field investigation at the virhom • i_ 
sSililear inataJling ^itoring wells and taking a variety^of 
son groundwater and air samples. These investigationsarl 
described in detail in Section 2. The methods used to perform 
Srat̂ VlVn̂ or The ̂ tT̂ Pr̂ r Jo* 
investigations, a number o'f inUial act\°viti^s " 

A decontamination pad was constructed. The pad provided an area 

const rutted on May ̂  ,^S1987U\^r ̂'he^agoon *area°dS The ̂oc^iCn "of 
the pad is presented in Figure 1-5. location of 

The decontamination pad consisted of a plastic lined D-if uifv, 
gravel on top Heavy equipment was steam* cleaned on top ofJhe 
gravel aad",, ^ Clean1"9 Percolated through thl 
periodically with S. /' t sump\ The sumP was pumped dry periodically, with the decontamination water pumped into 5S 
ihownni„drF?gSure drums «" "ored 0" Pallets inf tiTarea 

bought ll<MirSsite" tn"1^6 3nd an e^uiPment trailer, were 

utilities and phone sirvice ttailers "ere equipped with basic 

disrositioinSof11dir?nthe T°nit°rl"9 "ells, the EPA determined the 
wou?d rxr zziur'soW 
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cuttings were to be stored in pits adjacent to the well 
borings. Drilling fluids, well development water, and well 
purge water were to be stored in 5,500 gallon liquid tankers. 
The pit excavations at each well bore were dug with a backhoe 
The excavations were approximately 25 feet long, 3 feet wide,' 
and 5 feet deep. Solid drill cuttings and solids which settled 

°*L le lmg mud were disposed of in the pits. Cement 
was added to the contents of the pits to stabilize them if 
necessary. When all of the wells in a cluster were completed, 
the pits were graded such that no mound was left around the well 
bore. The pit excavations were all shallow enough to be in the 
unsaturated zone, and were installed downgradient of the 
monitoring wells as best as practical. 

A total of four 5,500 gallon tanks were procured for the field 
investigation. Two of these tanks were filled with well 
development water and excess drilling mud. The other two 
tankers were filled with water purged from the monitoring wells 
prior to sampling. One tanker was filled with purge water from 
each of the two rounds of groundwater samples. 

w®re _ staged in the ViChem parking lot as shown in 
Figure 1 5. The tankers remained stationary during the investi­
gation. Well development and purge water was containerized at 
the well head into 55-gallon drums. The drums were then 

? °n baCk °f pick"uP trucks to the parking lot and 
the contents were pumped into the tankers. 

At the end of the field investigation, the liquids in the tankers 
were disposed off-site. The tankers were driven by a licensed 
transporter to a licensed off-site treatment facility. The con­
tents were then treated prior to disposal. 

5n̂ i-afnCneSfh agJ®ê n- WaS .entered into with ViChem prior to con-
?h?n^ J?® investigation at the plant site. Among other 
I thls . agreement required Ebasco to give three days notice 
to ViChem prior to conducting any activities on-site. Schedules 
were provided to ViChem personnel throughout the duration of the 
on-site activities. 

Monitoring well permits were obtained prior to installing the 
Sivisi^f w»lls'p The PermitS were obtain*d from the 9NJDEI Division?of Water Resources. 

initial .field activities, the field investigation at 
Ma? 1987mthJouahSi!;e ̂  Th® investi9ation lasted from 
a? thi • September, 1987. The investigation 
at the plant site consisted of the following major work elements: 

o Conduct a surface geophysical investigation; 
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o Install 36 groundwater monitoring wells; eight deep 
wells approximately 100 to 120 feet deep, 14 
intermediate wells approximately 40 to 70 feet deep, 
and 14 shallow wells approximately 25 feet deep; 

o Obtain surface soil samples from approximately 98 
locations on a soil sampling grid; 

o Sample soils from approximately 25 soil borings on the 
soil sampling grid to the top of the water table; 

o Sample soils from five borings inside of building #9, 
where crystalline arsenic wastes were reportedly 
observed on the ground in the past; 

o Obtain one sample of the dust inside each of the four 
chicken coops on site which had reportedly been used to 
store waste and/or raw materials in the past; 

o Obtain samples of the water in the lined and unlined 
lagoons, and obtain samples of the sediment from one 
unlined lagoon on site; 

o Obtain surface soil samples from 13 off-site locations, 
some of them adjacent to the ViChem plant; f 

o Obtain two rounds of groundwater samples from the '36 
Ebasco installed monitoring wells and the 11 existing 
ViChem monitoring wells; 

o Obtain treatability samples from contaminated ground­
water and soil on site; and 

o Conduct various physical tests and measurements to 
determine the hydraulic properties of the aguifers 
underneath the ViChem site. 

A total of approximately 1,554 samples were sent to CLP labora­
tories from the ViChem plant site area, along with approximately 
71 duplicate samples (approximately 5%). Table 1-3 provides a 
breakdown of the numbers and types of analyses performed in the 
field investigation. 

1•3•3 Bench-Scale Treatability Studies 

Bench-s£ale treatability studies were performed to evaluate the 
feasibility of using several different treatment methodologies 
to treat arsenic contaminated soil and groundwater. 

A soil fixation treatability study was performed to determine if 
arsenic could be chemically stabilized or physically bound to 
the soil such that total arsenic concentration in the leachates 
from the RCRA EP Toxicity test and the Multiple Extraction 
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Procedure (MEP) test were less than 5.0 mg/1. Also, the Uncon-
ll atthreH fiX6d Pr°duCt Was ŝigned ?o 
Section 71 lb/ft*. These tests are described in 

A soil extraction treatability study was performed to determine 
hfi arS?^1C /c.ould be removed from the soils to a concentration 
established'at °f 20 m9/k9 t0tal "senic was established at the inception of the study based on the New Jersev 
Environmental Cleanup Responsibility Act (ECRA) guidance for 
arsenic in soils. The extraction tests are described in lectin 

The target levels for the soil treatability studies, fixatina 
t̂ nS05 mnS,U,Ch 'S" ̂  l9achable concentrat ion was less 
than 5 mg/1 and extracting arsenic such that the remainina 
£ST!1C concentration was less than 20 mg/kg, were established at the beginning of the study. It was believed that Yf iSefe 
levels were achieved, the treated soils would be suitable for 
disposal in a nonhazardous waste landfill. Subseauentlv 
guidance has been received from EPA Region II, EPA Headquarters' 
and the NJDEP on the criteria for nonhazardous waste disposal of 
the treated soils. This is dealt with in detail in the Virh^m 
Plant Site FS report (Ebasco, 1989b). ® VlChem 

mfthods were evaluated for removing arsenic frlm 
the groundwater to a concentration of 0.05 mg/1, the Federal 
Safe Drinking Water Act standard for arsenic in drinking wfter 
a£tiva?atment technologies included adsorption of arsenic usinq 
resins snfllummum and titanium oxides, ion-exchange using two 

reverse osmosis using a polyamide and a cellulose 
in 1 A  I membrane- *.f successful, the treatment technologies 
could be used as a final polishing step to lower the discharae 
the"bulk of"the arsL"9'1 "S..1"' a"er P'-tr-t-S? to S j . the arsenic. This would be necessary before DumD 
and treat scenarios could be evaluated for groundwater cleanup 
7 1, ,7'rt£t"5.tt**t,bilit!r t6StS "e '» SecUons 

1.3.4 Risk Assessment 

described33̂ 33̂  .T*3 /er.formea usin9 the basic methodology 
(ulEPA 1986b) Data from F?"1™ 
exposurê ; fô Toĉ ê s9 ST 

and assum?tions are described in detail 

1.4 OVERVIEW OF THE REMEDIAL INVESTIGATION REPORT 
This RI report is comprised of eioht sect-inn*: TV.« • 
tio^and1'?' ?royid®s background information regarding sit^loca-
tion and physiography, facility history and operation waste dis 
harges, and community concerns. The nature and extent of the 
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Appendix F presents groundwater velocity calculations for 
the one dimensional groundwater transport model. 

Appendix G presents laboratory results of the soil 
extraction treatability studies. 

tLtX1TtV%tuab°ersat0ry reSUUS f°r thS SOil 

treatability r^tiTdi"es la^orator^ "suits for the groundwater 

Appendix J presents toxicological profiles for the indica­
tor chemicals modeled in this Risk Assessment. 

Appendix K presents the water balance calculations. 

Appendix L presents available boring logs and well 
o?odu^Ctl°n i/etailS f°r ViChem's monitoring and production well. 
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2.0 STUDY AREA INVESTIGATIONS 

2.1 SITE FEATURES INVESTIGATION 

This section presents the site features investigation for the 
ViChem plant site. General site demography, land use, natural 
resources, climatology and cultural resources are presented 
below, while detailed geologic and hydrogeologic data are 
included in Section 3.0. 

2.1.1 Demoa raphy 

r^L7iChT SiTte iS located in the city of Vineland, Cumberland 
County, New Jersey. Vineland is the largest city within the 

Primary Metropolitan Statistical 
Area (PMSA), which is part of the Philadelphia-Wilmington-Trenton 
Standard Metropolitan Statistical Area (SMSA). 

The city encompasses a total of 69.5 square miles and has a 
population of 53,753 (U.S. Bureau of the Census, 1980). This 
number represents a 13.4% increase in population over the 1970 
census data. According to projections by the Cumberland County 
Department of Planning and Development, the population of 
Cumberland County as a whole (132, 866, U.S. Bureau of the Census, 

0) is expected to increase by approximately 14% to 151,500 bv 
the year 2000. Projections based on this rate of growth for 
Cumberland County indicate that the population of Vineland will 
reach 61,278 by the year 2000. 

The site itself is situated in an industrial area in the 
northwest sector of- the City of Vineland. It encompasses 
approximately 24 acres and is surrounded by residential, 
agricultural and woodland zones. 

Slte 1S located within census tract 409, which encompasses 
9,781.7 acres, and contains 8,921 residents. The site is 
i^ediately adjacent to census tract 404, which encompasses 
352.8 acres, and contains 5,962 residents, and within one mile 

of census tract 401 (which encompasses 233.7 acres and contains 
525 residents) and census tract 402 (which encompasses 553.4 
TT?fhS' 4-1 contains 6 , 244 residents). Total 1980 population 
within these four census tracts is 21,652 residents. 
2.1.2 Land Use 

Mo,! CTi!™f As „classifie<3 as an urbanized area by the 
D/llSi0n °f St3te and Re^i0nal P1 a nn in g Ap p r o x i -

is devoted tn Clty's^land is undeveloped. The remaining 28% 
nLonoll^ fc,° „orfSldent,ial development (11.5%), commercial 
development (1.9%), industrial uses (3.7%), public and 
semi public facilities (3.6%), open space (0.9%), and streets 
a n d  h i g h w a y s  ( 6 . 4 % ) .  v i n e l a n d  l i e s  o n  e s s e n t i a l l y  a l e v e l  
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sloping from northwest to southeast with topographic variations 1 

from 20 to 120 feet above mean sea level (MSL) 

The ViChem site is located in the northwest sector of the City 
of Vineland and is situated entirely within a designated 1-2 
(General Industrial) zone. The site is bordered on the 
northeast, east and south by an R-3 (medium to low density 
Residential) zone, on the north by an A (Agricultural) zone, and 
on the west by North Mill Road and a W (Woodlands) zone. 

The Blackwater Branch of the Maurice River flows northeast to 
southwest, in proximity to, and partially through, the site 
itself. Soils in the general area of the site are alluvial. 

Lands immediately adjacent to the Blackwater Branch constitute a 
floodplain which extends the entire length of the tributary to 
the Maurice River. According to officials of the' City of 
Vineland, the Blackwater Branch is not currently used for 
recreational purposes. A city park is located approximately 
one half mile downstream of the confluence of the Blackwater 
Branch and the Maurice River at the Almond Road bridge. The 
swimming area here was closed by the NJDEP as a result of 
arsenic contamination but was reopened in June, 1988 after the 
NJDEP performed a risk assessment and determined that the 
potential health risks from using the beach were acceptable. 

The area around the site is seen by the City of Vineland as 
having limited potential for future residential development. 
However, commercial/industrial development is expected to 
increase in the near future. A major catalyst for future 
commercial/industrial development in this area will be the 
completion of NJ State Route 55. This major interstate arterial 
is located near the western border of Vineland and will connect 
r^ainnVinerlandrMll4-1Vllle area with the phi ladelphia-Camden 
region. Construction is expected to be completed in 1989 and 
corridor-type commercial/industrial development is expected to 
follow. Conversations with Vineland officials indicate that the 
city has received proposals from out-of-state and local 
developers for major commercial/warehouse projects within the 
Route 55 corridor. 

served by NJ Route 47, and secondary 
routes 555, 540, and 552. These routes connect with other major 
and minor artenals in, and near, Vineland to provide surface 
transportation links to other major north-south and east-west 
transportation corridors. 

Rail service in the area is provided by Conrail and is limited 
to freight service only. Local air service is provided by the * 
to the south"101 AirP0ft in Millville, approximately 10 miles 2 
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2.1.3 CI imato logy 

Available climatological data were obtained from cooperative 
weather stations, maintained by the National Weather Service 
located m vineland (precipitation and wind) and Bridqeton 
(temperature). The Vineland station had accumulated data since 
1885, while the Bridgeton station had data dating back to 1894. 

Vineland receives approximately 45 inches of rainfall per year. 
Monthly averages range from 3.46 inches in April, to 5.21 inches 
in August. During an average year, Vineland can expect 77 days 
when precipitation will exceed 0.1 inches, with 30 of those days 
exceeding 0.5 inches. Mean snowfall amounts to 18.6 inches with 
the maximum occurring in February (6.4 inches). 

No temperature data are available for Vineland proper, but 
Bridgeton (12 miles WSW of Vineland) exhibits a mean annual 
temperature of 54.7 degrees Fahrenheit (12.6°C). The mean 
maximum and minimum annual temperatures are 65.0 and 44 6 dearees 
Fahrenheit (18.3°C and 7.0°C), respectively. The highest 
temperature recorded was 104 degrees Fahrenheit (40.0°C), and the 
lowest temperature was -12 degrees Fahrenheit (-24.4°C). The 
average growing season is 170 days and the average dates of the 
last and first killing frosts are April 15 and October 25 
respectively. ' 

Although detailed wind information is not available for the site 
from October through April the predominant wind flow is from the 
northwest. From May through August the dominant flow is out of 
the southwest, and during September the wind is from the 
southeast. 

2.1.4 Cultural Resonrrps 

Conversation with officials from the City of Vineland 
Cumberland County and the Vineland Historical and Antiquarian 
Society indicate there are no significant cultural resources in 
the immediate vicinity of the ViChern. site. 

2.2 SITE RECONNAISSANCE INVESTIGATION 

site reconnaissance investigation was performed in December, 
1986. The purpose of the investigation was to collect ground­
water samples to determine whether to use PVC or stainless steel 
well construction materials, and to collect air samples to estab-
nfS f-v, f 1? , resPiratory protection to use during the bulk 
DrecedPd Ihi ^  P l a n t  Sit6' The site rec°nnaissance preceded the ield work described in the later sections 
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2.2.1 Groundwater S a m p l i n g  

2.2.1.1 Sample Locations and Methods 

Groundwater samples were collected from six existing monitorina 
wells, MW-l, MW-3, MW-6, MW-7, MW-8 and MW-li. These wells were 
lerlTc -r u  pr°vide coverage of the presumed contaminated 
areas. These wells are shown in Figure 2-1. 

The groundwater samples were obtained after purging three well 
volumes from each well. Purging was performed by bailing, or by 
pumping with a surface suction pump. When a suction pump was 
used, the intake line was made of ASTM-D2239 PVC and had a 
?nS^W?? check valve on the end. Purge water was containerized 
in a 55-gallon drum for each well. 

I1)?: groundwater samples were analyzed for HSL (Hazardous 
Substance List) organics, inorganics, chloride and dissolved 
?-S?S1C;u ! dissolved arsenic aliquot was filtered in the 
field through a disposable filter with 0.45 urn pores. This 
aliquot and the unfiltered aliquot analyzed for HSL inorganics 
were preserved in the field with nitric acid of pH less than 2. 
All sample aliquots were iced prior to shipment. 

2.2.1.2 Results and Conclusions 

The analytical results of the monitoring well samples are 
presented in Section I of Appendix A. All of the groundwater 
samples from the six monitoring wells displayed total organics 
concentrations of less than 1 ppm. Therefore, the USEPA decided 

use PVC monitoring well construction materials during the 
monitoring well installation program. 

2.2.2 Air Sampling 

• pe*forme_d t0 determine what contaminants were 
" m the air m and around the ViChem plant site and at 

Detent?a?enfratlons' The data would .serve to help determine the 
potential for exposure during other activities and thereby 
provide a base to establish the levels of protection (A, B, C, 
D) for on-site personnel, 

a?e^embe5 4 and 5' 1986, samples were collected at six 
ocations for EPA Volatile Organic Priority Pollutants. On 

?• and }2, 1986' 8-hour samples were collected at the 
arsenic. 10nS t0tal a"d resPirable Particulates and total 

2.2.2.1 Sample Locations and Methods 

.H1: sampling locations were chosen on the basis of their a 
proximity to suspected "hot spots" or, in one case,, with respect 
lnrff°V1 ?9 an indlcator of background concentrations. The six ° locations (see Figure 2-2) are: o 
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ŵ
-j
 -;

v4q
 N {
 ""

 ̂ 
v 1
1 

a c X 

p
 

2ft 35 ̂
 

£s
 

O m
 zf

 
>{
" 

"
8
 

CO
 

'
8
 

•
 •
 O

K
®
 

o 
* 

z 
o 

«
 
>
 

2
 
c 

? 
O 

SJ
60

 
TO
O 

NI
A 

'•
-A
 \.
 





Station ̂ 01 - By second door west of SE corner of old 
chicken coop, in proposed support of trailer area. 

Station.02 - 100 feet north and 100 feet east of utility 
pole #VE4741 adjacent to Mill Road. 

Station 03 - Approximately 200 feet west of treatment 
building. 

Station 04 - Approximately 100 feet north of building 
number 7, along walkway. 

Station 05 - Approximately 50 feet south of plant's east 
exit to Wheat Road. 

Station 06 - Approximately 50 feet west of SE corner of 
chicken coop/storage building located on road at the 
south entrance to plant from Mill Road. 

Sampling methods used were standard industrial hygiene 
olTrllTont Pai"d„.are in in th* proved 

Sampling pumps capable of maintaining the flow rates within ± 5% 
l L  n C a  r  r a , t e s  w e r e  u s e d  t o  c o l l e c t  t h e  s a m p l e s .  S a m p -

nrtTn^re'C ?ated pri0r t0 and after each sampling 
the sampling 6 average flow rate over the duration of 

med],a u®.ed deluded Tenax and Tenax/Carbon sorption 
tubes for collecting EPA Volatile Organic Priority Pollutants 
Svr f 1^ mixed ceimiose ester filter cassettes for arsenic,' 

f1Iter cassettes for total particulates, and PVC filter/10 
mm nylon cyclone for respirable particulates. 

The Tenax and Tenax/charcoal tubes were analyzed utilizinq 
t ermal desorption followed by using a Zeeman 3030 graphite 
furnace, whereas the respirable and total particulate s mo ̂  
were analyzed gravimetrically on a microbalance. 
2.2.2.2 Sample Results and Conclusion 

Twenty eight samples were analyzed for EPA Volatile Oraanic 
Priority Pollutants. Results indicate two classes of organ c air pollutants are present. asses or organic 

eJJainesrSt Renting iS n10rmal emissions from internal combustion 
.Ben.z.ene' toluene, ethylbenzene and the xylenes were 

2Ctdhir! the parts-per-bi 1 lion range, which is normal for < ambient background levels. tor •• 

The second class is chlorinated solvents. Chloroform 
tetrachlorethpnp carbon tetrachloride, trichloroethene and tetrachlorethene were detected m the very low parts-per-bi11 ion 
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range. While these compounds would not be expected in a rural 
location, the1r concentrations are so low that they would not 
pose a health risk to on-site workers. 

Fourteen samples were collected and analyzed for arsenic, respir-
able dusts and total dusts. Total particulates and respirable 
particulates were detected at the limits of detection and 
averaged approximately 0.001 mg/m3. Arsenic was not detected 
above the minimum detection level of 1 ug/m3. 

These sample results confirmed that the exposure pathway for 
ordinary on-site activities would be low and that level D 
respiratory protection would be appropriate for most on-site 
^p1™,ieS'iH H Was^determined that real-time monitors such as 

HNU would be used during subsequent investigative activities 
supported by additional sampling for the contaminants of concern! 
2.3 GEOPHYSICAL INVESTIGATIONS 

Geophysical investigations at the plant site consisted of a 
detailed terrain conductivity survey, resistivity soundings at 
selected locations, and electromagnetic screening for metallic 

3 planned drillmg locations. Initial investigations 
including terrain conductivity profiling and resistivity sound­
ings were conducted in December 1986. Follow-up investigations 
were carried out in February 1987. The objective of the iniJial 
phase was a preliminary determination of the probable extent of 
contaminants (primarily arsenic waste salts). The follow-up 
investigations were directed towards evaluating potential drill-

lt0S nf0J\th® Presence of metal (i.e., metal drums) which 
might complicate drilling operations and/or create safety hazards 
if encountered. The results of the geophysical survey are e 
sented m Section 3.0. The field methods used werl standard 
methods and can be found in the approved FOP for the site. 
2-3.1 Survey Locations 

The area encompassed by the geophysical, survey is shown in Figure 
2-3. A total area of 1, 700 by 1, 700 feet was surveyed The 
majority of the area was surveyed on a 100-foot grid. Two areas 
of suspected high contamination were surveyed on a 50-foot 
grid These were the lagoon area north " to the Blackwater 
Branch, and south of the former outdoor storage area. in 
addition, soundings were conducted at potential drilling sites. 

otLrPrcueitural°f f^ildin9S' P°Wer UneS' under9round cables and 
other cultural features may interfere with the electical anri 
Sefore "he^totaT9 deteCted by the geophysical ins Cents' » 
shown in Figure 2-4 7 broken "P i«t° ? subareas, 2 
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2.3.2 Survey Methods 

Electromagnetic conductivity surveys (EM) and electrical 
resistivity surveys are commonly implemented to characterize the 
variable nature of subsurface electrical properties at a given 
site. Such variations are associated with lateral and vertical 
changes in geology' or groundwater chemistry (usually by the 
introduction of wastes or salt-water intrusion), the presence of 
buried o.bjects (usually metallic), and to a lesser extent 
changes in the depth to groundwater table. 

Electromagnetic terrain conductivity profiling was performed by 
inducing an electromagnetic field into the ground via a 
transmitter coil. This field generates a secondary magnetic 
field which is detected by a receiver coil and then transformed 
into an output voltage. The magnitude of this voltage is 
linearly related to the ground's conductivity. 

Resistivity soundings were performed using a Schlumberger 
sounding array, whereby a current is introduced into the ground 
at two current electrodes, and the resulting voltage drop is 
measured at two potential electrodes. For soundings, the 
location of the center of the array was held constant, while the 
spacing of the current and potential electrodes was 
progressively increased to determine the variation in 
resistivity with depth. 

Initial electromagnetic terrain conductivity profiling was 
performed using a Geonics, Ltd. EM34-XL Terrain Conductivity 
Meter. With this instrument, the maximum response depth (depth 
which has the strongest influence upon the instrument's total 
signal) can be targeted by varying the coil orientation. When 
using the instrument in the horizontal-dipole mode, measurement 
of the near surface conductivity is enhanced. This type of 
survey is used for relatively shallow, near surface 
exploration. When somewhat deeper zones are to be evaluated, 
the vertical-dipole mode is implemented. In this mode, the 
material at a depth of about 0.4 times the coil separation 
contributes most to the total observed signal. While both coil 
orientations were used at each occupied data station for the 
entire survey, the data collected using the horizontal-dipole 
mode appeared unremarkable, suggesting that at least in the near 
surface the highly permeable sands at the site may have been 
flushed of arsenic salts by surface recharge. 

Three vertical electrical soundings (VES) were performed. Two 
of the soundings were located at potentially contaminated (as 
suggested by the EM34-XL survey) areas while the other soundings 
were located in an area interpreted as representing apparent 
background conductivity conditions. 
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2.4 SOILS INVESTIGATION 

A variety of soil samples were taken during the investigation 
Surface soil samples were collected and soil borings were con­
ducted on high density (100 feet by 100 feet) and low density 
(200 feet by 200 feet) sampling grids. Soil samples were taken 
from monitoring well borings during drilling. Soil samples were 
also obtained from off-site and residential areas adjacent to 
/ w - J\°m undprneath one of the manufacturing buildings 
(building #9) and in some of the lagoons. Each of these is 
described in detail in Sections II, HI, and IV of the followinq 
sections. The analytical results are presented in Appendix' A. 
The field methods used were standard methods and can be found in 
the approved FOP for the site. 

2.4.1 Surface Soil Investigation 

A ^nn1 grid was established. High density sampling on 
a 100 by 100 foot grid was conducted in areas of known or 
suspected contamination. This included the lagoon area, the 
manufacturing area, the former outdoor storage area by well 
cluster EW-14, the area north of the lagoons to the Blackwater 
Branch, and an area approximately 100 feet from both sides of 
->nn p ^ r°ad- Low density sampling was conducted on a 200 by 
200 foot grid on the site property. The soil sampling grid is 
shown in Figure 2-5. The total number of analyses performed on 
the surface soil samples is presented in Table 2-1. The 
analytical results are presented in Section II of AppendixA. 

2.4.1.1 Sample Locations 

Sixty-seven surface soil sampling nodes are located on the high 
density 100 foot sampling grid shown in Figure 2-5. Surface 
soil samples from 0 to 2 feet were taken at these 67 locations. 
Subsurface soil samples were taken by conducting borings to the 
water table at 19 locations. To establish the matrix variability 
of the surface soils, colocated samples were obtained at five of 
!j-h® sa™Plin<3 sites • Subsurface matrix variability was estab­
lished by taking samples from the monitoring well borings. 

Thirty-one surface soil sampling nodes are located on the low 
density sampling grid comprising the site periphery. Surface 
soil samples from 0 to 2 feet were taken at these 31 locations 
Subsurface samples were obtained by conducting borings at six 
locations. Surface soil matrix variability was established by 
obtaining four colocated surface soil samples, while subsurface 
soil matrix variability was established by taking samples from 
monitoring well borings. < M 
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O <̂ 3 U> 
to 

9829b 2-12 







2.4.1.2 Sample Methods 

One sample from 0 to 2 feet was obtained from each sampling 
site. Any organic matter at the surface such as grass was 
removed before the sample was taken. A six inch long stainless 
steel hand auger was rotated down to two feet through four 6 
inch intervals. The four intervals were emptied into a 
decontaminated stainless steel beaker, where the soil was 
homogenized before being placed in sample jars. Samples for 
volatile analyses were taken from the stainless steel beaker 
before homogenizing. Seventy-five percent of the soil samples 
were analyzed for total arsenic only and the remaining 25% were 
analyzed for HSL organics/inorganics (+30). All analyses were 
performed by a CLP laboratory. Samples for HSL pollutant 
analyses were selected randomly. 

2.4.2 Off-Site Soils Investigation 

2.4.2.1 Sample Locations 

Surface soil samples were obtained from 13 off-site locations; 
seven from residences along Wheat Road and six from residences 
or undeveloped woodlands along the eastern, western and southern 
boundaries of the ViChem property. These locations are shown in 
Figure 2-6. These samples were taken to address the possible 
off-site, windblown, migration of contaminated soil from the 
ViChem plant grounds. The analyses on these samples are 
presented in Table 2-2 with the results presented in Table 4-4. 

As discussed in Section 4.0, one of the off-site soil samples 
(ISS-11) displayed an elevated arsenic concentration (78 
mg/kg). As shown in Figure 2-6, this sample was obtained close 
to the clearing at the southern end of the property where 
surface soils stripped from the manufacturing area were dumped 
previously. This location was resampled in November, 1988 at 
locations ISS-11A, -11B, and -11C shown in Figure 2-6. These 
locations are all in undeveloped woodlands, and all had low 
arsenic concentrations (see Table 4-4). 

2.4.2.2 Sample Methods 

The off-site soil samples were taken from 0 to 6 inches. The 
samples were obtained with a stainless steel hand auger and 
homogenized in a stainless steel beaker before being placed in 
sample jars. Any grass or other organic matter on the surface 
was removed before the soil samples were collected. The soil 
samples were analyzed for total arsenic only by a CLP laboratory. 
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TABLE 2-2 

NUMBER OF OFF-STTE SURFACE ROTT.S 

STATION NUMBER MEDIUM TOTAL ARSENIC 

ISS-1 

ISS-2 
ISS-3 
ISS-4 
ISS-5 

ISS-6 
ISS-7 

ISS-8 
ISS-9 

ISS-10 

ISS-11 
ISS-11A 
ISS-11B 

ISS-11C 
ISS-12 
ISS-13 

* Duplicate analysis 

Soil 

Soil 

Soil 
Soil 
Soil 

Soil 
Soil 

Soil 
Soil 

Soil 

Soil 
Soil 
Soil 
Soil 
Soil 
Soil 2* 

17 
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2.4.3 Subsurface Soil Inveshination 
2.4.3.1 Soil Borings 

2.4.3.1.1 Sample Locations 

Subsurface soil samples were collected by conducting borings to 
the water table at 25 locations in the soil grid area 
Subsurface soil matrix variability was established by takinq 
samples from monitoring well borings. Some of the boring nodes 
were established before going into the field based on known past 
Certaiin9hnr^nn iCeVand suspected areas °f contamination. Certain boring locations were sited based on results of the 
geophysical survey. The borings were placed as close to the 
sampling grid nodes as accessible to the drilling rig. The soil 
nr^Un*. Sgs- arc f?"nd in Appendix c' with the analytical results 
presented in Section IV of Appendix A. The total number of 
TableS2-3 P6r 6d °n th<2 SOil boring samPies is presented in 

2.4.3.1.2 Sample Methods 

The soil borings were sampled by advancing two foot carbon steel 
?n ? continuously until the water table was reached (0 
to 2 feet, 2 to 4 feet; 4 to 6 feet; 8 to 10 feet; etc). it was 
not necessary to advance the augers because the holes from the 
split spoon samples stayed open to the water table The 
bPakPr^ hLf spoons were homogenized in stainless steel 

before bei"g .Placed _ in sample jars. The numbers of 
samples from each boring varied depending on the depth to the 
water table which ranged from approximately 5 to 15 feet below 
forUnta„Va,SeVenty"£iVe,P?fCent °f the soil were analyzed 
nrL • /• arsen*c a"d the remaining 25% were analyzed for HSL 

? n°rganics (+30). All analyses were performed by a CLP 
randomly!7' Samples for HSL Pollutant analyses were selected 

2.4.3.2 Monitoring Well Soil Samples 
2.4.3.2.1 Sample Locations 

The Phase II monitoring well program was designed to delineate 
the contaminant plume and provide a data base for the FS 
whUe6 T,M0Prrrted the PhaSe 11 ""onitoring wall locations; 
intervals Th» d.t Tarl,Ze?t the aCtual depths and screened intervals. The details of the monitoring well construction are 
presented in Subsection 2.5.2. Appendix B presents the 
monitoring well boring logs, while the total number of analyses 
performed on the soil samples is presented in Table < 

presented m Figures 2-8a through 2-8n (total H 

seme only), and Section III of Appendix A (full HSL analyses). 2 
o o 
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7-RAY 
LOG 

(FEET) COUNTS/SEC 

100 -

110"-

MATERIALS 
DESCRIPTION 

AVG. 
GRD. 
EL. 70.2 FT. 

SAND, BROWN, 
MEDIUM WITH 
LIGHT BROWN 

CLAY LAMINAE 

SAND, BROWN 
MEDIUM FINE 

LT. GREY CLAY 
LAMINAE 

THROUGHOUT 

(106.5 FT.) 

SAND, GREY, 
MEDIUM, TO FINE 

SAND, DARK GREY, 
FINE TO MEDIUM 

KEY: GWI: GROUNDWATER CONCENTRATION INjiB/L lppb).7/87, FIRST SAMPL E FILTERED. SECOND SAMPLE UNFILTEREO 
GW2: GROUNDWATER CONCENTRATION IN M9/L Ippbl, 9/87, FIRST SAMPLE FILTERED, SECOND SAMPLE UNFILTERED 

EW-1D 

SAND, LIGHT 
BROWN TO ORANGE-

BROWN. MEDIUM 
TO FINE 

TD 110 FT. 

QUALIFIER KEY: 

SOIL CONCENTRATION IN mg/kg (ppm) 
PIEZOMETRIC SURFACE MEASURED ON 11/12/87 

U X 
I I 

FILTERED SAMPLE VALUE BETWEEN CROL AND IOL UNDETECTED REJECTED DATA ESTIMATED VALUE 

SCREENED INTERVAL (PVCI 
TD - TOTAL DEPTH OF HOLE 

(106.5) - TOTAL DEPTH OF GAMMA LOG 

EW-1M EW-1S 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPAIS 

FIGURE 2—8a 

EW-1 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOC 

(ARSENIC) 

EBASCO SERVICES INCORPO 

< H a 
o 
o 

o 
LO -

) U> _ 



•y-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-2D EW-2M EW-2S 

(FEET) COUNTS/SEC 

0 

AVG. 
GRD. 
EL. 65.9 FT. 

SAND, DARK GREY 
TO BROWN, MEDIUM, 

SOME SAND, 
BROWN, COARSE, 

TRACE MULTI­
COLORED LAMINAE 

OF CLAY AT 40' 

1.8U 

BROWN, GREY 
GREY SILTY CLAY 

AND FINE SAND 
LAMINAE 

SAND, ORANGE-
BROWN, MED. TO 
FINE SAND WITH 

OCCASIONAL 
CLAY LAMINAE, 

LT. BROWN 

120 <- (118.0 FT.) 

SAND, DARK GREY, 
MEDIUM TO FINE,' 

TRACE FINE 
GRAVEL, AND DARK 

GREY SILT 

KEY: 
GW1: 

GW2: 

1.8U 

5.0 

2.0U 

20.1 

133J 

28.4 

1.9U 

2.1U 

1.9U 

2.0U 

2.3 

1.8U 1.8U 

2.2U 2.2U 

EW-2S 

61.4 

EW-2M 

GW1 = 12JF 
GW1 = 10X _ 
GW2 = 375 F 
GW2 = 657 

GW1 = 6075 F 
GW1 = 10X 
GW2 = 5450F 
GW2 = 6700 

GROUNDWATER CONCENTRATION 
INpg/L Ippb), 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN (ppb), 9/87, FIRST SAMPLE 
f'LTERED, SECOND SAMPLE 
UNFILTERED 

TD 121.0 FT. 

EW-2D 
GW1 = 4UF 
GW1 = 10X 
GW2 = 4UF 
GW2 = 1.5U 

(FEET) 

xL 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

QUALIFIER KEY: 

SOIL CONCENTRATION 
IN MA/KG (PPM) 
PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

U 
X 

I J 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 
(118.0) - TOTAL DEPTH OF GAMMA LOG 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 
a 

FIGURE 2—8b 

EW-2 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

< H 2 
o o 

EBASCO SERVICES INCORPORAT 
O 
LO 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-4D EW-4M EW-4S 

(FEET) COUNTS/SEC 

0 

(112.0 FT.) 
1201— 

KEV: 
GW1: 

GW2: 

AVG. 
GRD. 
EL. 72.0 FT 

SAND, LT. BROWN, 
MEDIUM TO FINE, 

GRADING TO 
COARSE SAND, 

WITH PURPLE TO 
BLACK LAMINAE 

AT 40' 

SAND, LT. BROWN 
TO YELLOW, FINE, 
WITH THIN LIGHT 

GREY, CLAY 
LAMINAE 

THROUGHOUT 
TRACE SILT 

SAND, DARK GREY 
FINE TO COARSE, 

SOME SILTY DARK 
GREY CLAY T 

482 

1.6U 

1.7U 

1.6U 

1.8U 

1.7U 

2.9J 

TD 117.0 FT. 

GROUNDWATER CONCENTRATION 
IN /ig/L (ppb), 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN pg/L (ppb). 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

QUALIFIER KEY: 

SOIL CONCENTRATION 
IN mg/kg Ippml 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

F 
J 

U 
X 

I 1 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

\ 

SCREENED INTERVAL (PVCI 

TD - TOTAL DEPTH OF HOLE 
(112.0) - TOTAL DEPTH OF GAMMA LOG 

I 
(FEET) 

-t0 

1.1U 

59 

JT 
EW-4S 

GW1 = 425F _ 
GW1 = X 
GW2 = 750F 
GW2 = 532 

EW-4M 
"GW1 = 361.000F 

GW1 dup = 394,000F 
GW1 = X 
GW1 dup = X 
GW2 = 189,000F 
GW2 dup = 308.000F 
GW2 = X 
GW2 dup = X 

EW-4D 
GW1 = 10JF 
GW1 = X 
GW2 = 28 F 
GW2 = 30 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SIT 

FIGURE 2-8c 

EW-4 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATE 

< H z 
o o 

o 
<o 
U1 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-5D EW-5M EW-5S 

(FEET) COUNTS/SEC 

0 

50 

90 -

GW2: 

(130.0 FT.) 

GROUNDWATER CONCENTRATION 
IN ^ifl/L (ppbl, 7/87, FIRST SAMPLE 
FILTERED. SECOND SAMPLE 
UNFILTERED 
GROUNDWATER CONCENTRATION 
IN |Jg/L (ppb). 9/87, FIRST SAMPLE 
FILTERED. SECOND SAMPLE 
UNFILTERED 

1 

(FEET) 

0 

5.8U 

EW-5S 
GW1 = 358 F 
GW1 = X 
GW2 = 480F 
GW2 = 533 

6.8 
EW-5M 

GW1 = 11JF 
GW1 = X 
GW2 = 23F 
GW2 = 33 

EW-5D 
GW1 = 4UF 
GW1 = X 
GW2 = 1.5U 
GW2 = 10UF 

TD 136.0 FT. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

-J 140 

QUALIFIER KEY: 

SOIL CONCENTRATION 
IN mg/kg (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

U 
X 

I I 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 
(130.0) - TOTAL DEPTH OF GAMMA LOG 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELANO CHEMICAL COMPANY SITE 

FIGURE 2—8d 

EW-5 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATED 

< H Z 
o o 

o 
LO 

<J\ 



7- R A Y  
LOG 

MATERIALS 
DESCRIPTION EW-6M EW-6S 

1.4U 

(FEET) COUNTS/SEC 

0 

10 

20 

30 

40 

50 

60 

70 L. 

(60.0 FT.) 

AVG. 
GRD. 
EL. 72.7 FT. 

1.4U 

SAND, ORANGE-
BROWN TO 

BROWN, MEDIUM 
TO FINE TRACE 

GRAVEL 

T 9.3 SILTYCLAY, _ 
DARK GREY TD 62.0 FT. 

1.4U 

"X 
1.4U 

"X 1.7U 

2.0U 

4.8J 4.8J 

41.2J 41.2J 

I 

T 

EW-6M 
GW1 = 2470F 
GW1 = 3080J 
GW2 = 3030F 
GW2 = 3190 

5.1 

(FEET) 

- 0 

10 

20 
EW-6S 

GW1 = 26JF 
GW1 = 60UJ 
GW2 = 136 F 
GW2 = 191 

30 

40 

50 

60 

-"70 

KEY: 
GW1: 

GW2: 

GROUNDWATER CONCENTRATION 
IN Jlg/L (ppb). 7/87, FIRST SAMPL E 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN/J«/L (ppb). 8/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

SOIL CONCENTRATION 
IN mg/ks (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL IPVCI 

TD - TOTAL DEPTH OF HOLE 
(60.0) - TOTAL DEPTH OF GAMMA LOG 

QUALIFIER KEY: 

F FILTERED SAMPLE 
J VALUE BETWEEN CRDL 

AND IDL 
U UNDETECTED 
X REJECTED DATA 

[ ] ESTIMATED VALUE 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 2-8e 

EW-6 DOUBLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATED 

< w Z 
o o 

o vo 
-J 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-7D EW-7W EW-7S 

(FEET) COUNTS/SEC 

10 -

90 -

100 -

110 -

120 L-

KEY: 
GW1: 

GW2: 

(115 FT.) DARK GREY, 
FINE SAND AND 

CLAY, TRACE SILT 

TD 117.0 

GROUNDWATER CONCENTRATION 
IN#ig/L (ppb). 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN /ifl/L (ppb), 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

I 
(FEET) 

—i 0 
1.1U 

EW-7S 
GW1 = 1830F 
GW1 = 3000UJ 
GW2 = 1420F 
GW2 = 1900 

82.9 
EW-7M 

GW1 = 15,400 F 
GW1 = 12,600 
GW2 = 15.800F 
GW2 dup = 13.800F 
GW2 = 15,000 
GW2 dup = 15,000 

EW-7D 
GW1 = 9.0JF 
GW1 = 20.6J 
GW2 = 4F 
GW2 = 11 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

SOIL CONCENTRATION 
IN mg/kg (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

QUALIFIER KEY: 

U 
X 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IOL 
UNDETECTED 
REJECTED OATA 

SCREENED INTERVAL (PVC) 
[ ] ESTIMATED VALUE 

TD - TOTAL DEPTH OF HOLE 
(115) - TOTAL DEPTH OF GAMMA LOG 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY Z] 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 2-8f 

EW-7 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATf 

< H 2 
o 
o 

o 10 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-8M EW-8S 

(FEET) 

0 

10 

20 -

30 

40 

50 

60 

70 

80 

KEY: 
GW1: 

GW2: 

5 
QC 
O O 
O 5 

1 
19.0 

EW-8S 
GW1 = 5820 F 
GW1 = 6930J 
GW2 = 6450 F 
GW2 = 12600 

EW-8M 
GW1 = 81JF 
GW1 = 130 J 
GW2 = 125F 
GW2 = 146 

TD 72 FT. 

QUALIFIER KEY: 

GROUNDWATER CONCENTRATION 
INpg/L (ppb). 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN Lfg/L Ippbl, 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

F 
J 

U 
X [ 1 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

(FEET) 

- o 

10 

20 

30 

SOIL CONCENTRATION 
IN mg/kg Ippm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 

VINELAND CHEMICAL COMPANY SI 

FIGURE 2—8g 

EW-8 DOUBLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

40 

50 

60 

70 

J 80 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

EBASCO SERVICES INCORPORAT 

< H a 
o 
o 

o 
LO 

LO 



7-RAY 
LOG 

(FEET) COUNTS/SEC 

0 

100 -

110 -

MATERIALS 
DESCRIPTION 

AVG. 
GRD. 
EL. 78.6 FT 

SAND, LT. BROWN, 
FINE TO MEDIUM 

SOME SILT, TRACE 
FINE GRAVEL. 

THIN MULTI­
COLORED LAMINAE 

BETWEEN 55'-75' 

SAND, MULTI­
COLORED, MEDIUM 

TO COARSE, 
SOME DARK GREY 
CLAY, TRACE SILT 

SAND, BROWN, 
MEDIUM TO FINE, 

TRACE CLAY WITH 
THIN RED SILTY 

,301_ ("6 FT.) 
KEY: 

GW1: GROUNDWATER CONCENTRATION 
IN/.'S/L (ppb), 7/87, FIRST SAMPl E 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GW2: GROUNDWATER CONCENTRATION 
INj/g/L (ppbl. 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

DARK GREY 
SILTY CLAY 

EW-9D 

[1.61] 

4.0 

[-991] 

5.0 

5.0 

TD 127.0 FT. 

QUALIFIER KEY: 

~1 
SOIL CONCENTRATION 
IN mft/'kg (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 
TD - TOTAL DEPTH OF HOLE 

'126) - TOTAL DEPTH OF GAM! IA LOG 

U X 
I 1 

FILTERED SAMPLE 
VALUE BETWEEN CROL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

3.3 3.3 
3- [3.2] J 

EW-9M EW-9S 

(FEET) 

-i 0 

10 
1.2U 

r 
EW-9S 

GW1 = 4UF 
GW1 = X 
GW2 = 4UF 
GW2 = [2.1] 

23U 

EW-9M 
GW1 = 4UF 
GW1 = X 
GW2 = 40UF 
GW2 = 1.5U 

EW-9D 
GW1 = 4UF 
GW1 = X 
GW2 = 4UF 
GW2 = 1.5U 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

U.S. ENVIRONMENTAL PROTECTIC 
AGENCY 

VINE LAND CHEMICAL COMPANY S 

FIGURE 2-8h 

EW-9 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

< _ H ̂  
z 

o 
o 

EBASCO SERVICES INCORPORA' 

O IX) U1 O 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-10D EW-10M EW-10S 

(FEET) COUNTS/SEC 

0 

1201-
KEY: 

GW1: 

GW2: 

AVG. 
GRD. 
EL. 69.6 FT 

SAND, LT. BROWN 
TO BROWN, FINE 

TO COARSE, 
SOME SILT, TRACE 

FINE GRAVEL 

CLAY, LT. BROWN 
SANDY INTER-

BEDDED WITH FINE 
SAND AND CLAY 

LAMINAE 

LT. BROWN SANDY 
CLAY TO FINE 
SAND, MULTI­

COLORED THIN 
CLAY LAMINAE 
THROUGHOUT, 

TRACE SILT 

SAND, BROWN, 
MED. TO COARSE, 

SOME DARK GREY 
SILT AND SAND 

WITH MEDIUM 

X 
5.5U 

(FEET) 

0 

10 

6.1U 

EW-10S 
GW1 = 59JF 
GW1 = X -| 
GW2 = [7] F 
GW2 = X 

.68U 

EW-10M 
GW1 = 276F 
GW1 = X 
GW2 = 425 F 
GW2 = 581 

•68U 

.67U 

68U 

.65U 

[2.0] 
5.6U 

GRAVEL TD 114.0 FT. 

EW-10D 
GW1 = 4UF 
GW1 = X 
GW2 = 4UF 
GW2 = 5U 

20 

30 

40 

50 

H60 

70 

80 

90 

100 

110 

120 
GROUNDWATER CONCENTRATION 
IN /Jfl/L (ppb), 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTEREO 

GROUNDWATER CONCENTRATION 
IN J/g/L Ippbl, 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTEREO 

QUALIFIER KEY: 

SOIL CONCENTRATION 
IN mg'kg (ppml 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVCI 

TD - TOTAL DEPTH OF HOLE 
(106.5) - TOTAL DEPTH OF GAMMA LOG 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 2—8i 

EW-10 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATED 

o 
o 

o 
LO Ul M 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-11M EW-11S 

(FEET) COUNTS/SEC 

0 —T—•-

50 -

L (67.0 FT.) 

AVG. 
GRD. 
EL. 75.0 FT 

SAND, FINE (FILL) 

SAND, BROWN TO 
LT. BROWN, 

MEDIUM TO FINE 
TRACE SILT 

SAND, LT. BROWN, 
MEDIUM TO FINE 
WITH LOCAL RED 

EW-11S 
GW1 = 86JF 
GW1 = 66J 
GW2 = 229 F 

GW2 dup = 235F 
GW2 = 270 

GW2 dup = 308 

EW-11M 

SAND BEDS 67.0 FT. 

GW1 = 2800 F 
GW1 = 2440 
GW2 = 2790 F 
GW2 = 3100 

(FEET) 

—10 

QUALIFIER KEY. 

KEY: 
GW1: 

GW2: 

GROUNDWATER CONCENTRATION 
IN^B'L (ppb), 7/87, FIRST SAMPLE 
FILTERED. SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN PB/L Ippb). 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

U 
X 

SOIL CONCENTRATION 
IN mg/kB (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 
(67.0) - TOTAL DEPTH OF GAMMA LOG 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 2—8j 

EW-11 DOUBLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATED 

< M 3 
o 
o 

o 
U1 NJ 



7-RAY MATERIALS 
LOG DESCRIPTION EW-12M EW-12S 

(FEET) 

0 

10 -

20 

30 

40 

50 

60 

70 -

80 -

KEY. 
GW1: 

-f 

s cc 
CD O 

5 

T 
TD 72.0 FT 

QUALIFIER KEY: 

(FEET) 

~I0 

10 

20 

30 

40 

50 

60 

70 

80 

GW2: 

GROUNDWATER CONCENTRATION 
INPB'L (ppb).7/87. FIRST SAMPLE 

KTIR'EDECOND sample 

GROUNDWATER CONCENTRATION 
IN JJg/L Ippb), 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED " 

U 
X 

FILTERED SAMPLE 
VALUE BETWEEN CRDL 
AND IDL 
UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

SOIL CONCENTRATION 
IN mo/kg (ppm) 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELANO CHEMICAL COMPANY SITE 

FIGURE 2-8k 

EW-12 DOUBLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATED 

< M 2 
o o 

o ID U1 u> 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-13M EW-13S 

1.7U 

(FEET) COUNTS/SEC 

0 

(55.0 FT) 

AVG. 
GRD. 
EL. 69.3 FT. 

SAND, ORANGE-
BROWN, FINE TO 
MEDIUM, TRACE 

COARSE SAND 
AND FINE GRAVEL 

1.7U 

1.7U 

1.9U 1.9U 

2.0U 

8.4 8.4 

20.5 20.5 

15.5 

[2.8] 
DARK GREY 

CLAY, TD 57.0 FT. 
TRACE SILT 

2.3U 

EW-13M 
GW1 = 1210F 
GW1 = X 
GW2 = 1290F 
GW2 = 663 

(FEET) 

—i 0 

EW-13S 
GW1 = 484F 
GW1 = X 
GW2 = 550 F 
GW2 = 1280 

- 30 

QUALIFIER KEY: 

KEY: 
GW1: 

GW2: 

GROUNDWATER CONCENTRATION 
IN /ig/L (ppb). 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GROUNDWATER CONCENTRATION 
IN MIL (ppb), 9/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

SOIL CONCENTRATION 
IN mg/kg Ippml 

PIE20METRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 
(55.0) - TOTAL DEPTH OF GAMMA LOG 

F FILTERED SAMPLE 
J VALUE BETWEEN CRDL AND IDL 
U UNDETECTED 
X REJECTED DATA 

[ ] ESTIMATED VALUE 

U.S. ENVIRONMENTAL PROTECTION 
- AGENCY 

VINELAND CHEMICAL COMPANY SI 

FIGURE 2-81 

EW-13 DOUBLE CLUSTER 
GRAPHIC SUMMARY LOG 

(ARSENIC) 

EBASCO SERVICES INCORPORATE 

< 
H a 
o o 

o VO (J1 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-14M EW-14S 

(FEET) COUNTS/SEC 

0 

10 

20 

30 

40 

50 

60 -

70 -

(53.0 FT.) 

AVG. 
GRD. 
EL. 67.3 FT. 

5.6 

SAND, LT. GREY 
TO BROWN, 

MEDIUM TO FINE, 
TRACE GRAVEL, 

THIN, LT. TAN 
CLAY LAMINAE 

AT 45 FT. 

SAND, DARK RED 
TO BROWN-RED, 

MEDIUM TO FINE 

3.8 

3.6 

9.2 
TRACE SILT TD 62.0 FT. 

.65U 

.64U 

4.4 4.4 

11 11 

[0.98] [0.98] 

I 

8.7 

(FEET) 

-l 0 

10 

EW-14S 
GW1 = 88JF 
GW1 = X 
GW2 = 1060F 
GW2 = 122 

EW-14M 
GW1 = 13JF 
GW1 = X 
GW2 = 18F 
GW2 = 15 

20 
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60 

—' 70 

KEY: 
GW1: 

GW2: 

GROUNDWATER CONCENTRATION 
'NPJ'L (ppb). 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

?.?°V.N?,VA.TER CONCENTRATION 
INjig/L Ippb), 9/87, FIRST SAMPLE 
unfT,EltIreoECOND SAMPLE 

SOIL CONCENTRATION 
IN mg/kg (ppm) 

PIE20METRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL (PVC) 

TD - TOTAL DEPTH OF HOLE 
(53.0) - TOTAL DEPTH OF GAMMA LOG 

QUALIFIER KEY: 

F 
J 
U X 

I I 

FILTERED SAMPLE 
VALUE BETWEEN CRDL AND IDL UNDETECTED 
REJECTED DATA 
ESTIMATED VALUE 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 
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GRAPHIC SUMMARY LOG 

(ARSENIC) 

ar 
o o 

EBASCO SERVICES INCORPORATEC 
O lo Cn Ln 



7-RAY 
LOG 

MATERIALS 
DESCRIPTION EW-15D EW-15M EW-15S 

(FEET) COUNTS/SEC 

0 

(114.0 FT.) 

KEY: 

AVG. 
GRD. 
EL. 70.7 FT. 

SAND, DARK 
BROWN TO GREY, 
FINE TO MEDIUM, 

SOME SILT, 
TRACE COARSE 

SAND TO FINE 
GRAVEL 

DARK GREY, 
SILTYCLAY 

GW1: GROUNDWATER CONCENTRATION 
IN/lg/L (ppbl, 7/87, FIRST SAMPLE 
FILTERED, SECOND SAMPLE 
UNFILTERED 

GW2: GROUNDWATER CONCENTRATION 
IN Jig/L (ppbl, 9/87, FIRST SAMPLE 
f.lVJERED- SECOND SAMPLE 
UNFILTERED 

SOIL CONCENTRATION 
IN mg/kg (ppml 

PIEZOMETRIC SURFACE 
MEASURED ON 11/12/87 

SCREENED INTERVAL IPVC) 

TD - TOTAL DEPTH OF HOLE 
(114.0) - TOTAL DEPTH OF GAMMA LOG 

14J 

SAND, LT. BROWN 
TO DARK GREY, 

MEDIUM TO 
COARSE SILT AND 

CLAY, GRADING 
DOWNWARD TO 

BROWN, MEDIUM 
TO COARSE, SAND 

SAND, GREY, 
FINE TO MEDIUM 

SOME SILT WITH 
INTERBEDDED 

THIN MULTI­
COLORED CLAY 

LAMINAE 1 
TD 

21J 

1.7J 

11J 

4.3J 

20J 

14J 

7.4J 

3.3J 

2.7J 

.60UJ 

[1.2] J 

21J 

3.2 J 

2.1U 
117.0 FT. 

I 

(FEET) 

0 

10 
59 

EW-15S 
GW1 =242 
GW1 = 359J 
GW2 = 144F 
GW2 = 294 

3.0 

EW-15M 
GW1 = 4UF 
GW1 = 31J 
GW2 = 4UF 
GW2 = [4.4] 

EW-15D 
GW1 = 28JF 

•GW1 = 34J 
GW2 = 4UF 
GW2 = [4.8] 

QUALIFIER KEY: 

F FILTERED SAMPLE 
J VALUE BETWEEN CRDL AND IDL 
U UNDETECTED 
X REJECTED DATA 

[ ] ESTIMATED VALUE 

20 

30 

40 

H 50 

60 

70 

80 

90 

100 

110 

120 J 
U.S. ENVIRONMENTAL PROTECTION 

AGENCY 

VINELAND CHEMICAL COMPANY S 

FIGURE 2-8n 

EW-15 TRIPLE CLUSTER 
GRAPHIC SUMMARY LOG 
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2.4.3.2.2 Sample Methods 

Soil samples were taken from the borings of the deepest well in 
eiLv, 0r fr-0m pilot holes Which were drilled prior to 

installing the monitoring wells in a cluster. Samples were 
obtained continuously to the water table and at 5 foot intervals 
i??rnfftVehr t0 ̂  b°tt0rn °f the deepest borin9 in a cluster 
Ji no£,.the samples to the water table, and every other sample 
below the water table, were analyzed for total arsenic The 
remaining samples were used for visual geological identification. 
Samples were also taken at the screen setting of each well, one 
sample for grain size analysis, and one sample for full HSL 
panics/inorganics analysis. Five exceptions to this are 
EW-4M, EW-7M, EW-9D, EW-14S, and EW-15D where grain size 
analyses were not taken because of insufficient sample 
recovery. Also, a full HSL sample was not taken from EW-2S 

the tOP °f the water table this well was screened in 
fill that was emplaced to provide a stable drilling base. 

Vt,be , sa™ples for geotechnical analyses were taken from 
four of the borings, EW-4D, EW-7D, EW-9D and EW-15D. The samples 
o!refhba h fr.om very flne grained materials seen at the bottom 
fakJ ® By design' Shelby tube samples were to be 
t?tr f" from the bottom of all deep borings, but in EW-1D EW-2D 
sand and"^hEW~190 the material at the bottom w« noJi-ioSsi^ 
tlbes The e«?h"pi hri! h C°Uld in0t b€ retained within the Shelby 
anfl K shelby tube samples were analyzed for permeability 
a Atterberg Limits and were designed to distinguish the 
properties of the grey sandy clay and the sand formation above. 
2.4.3.3 Building #9 Soil Borings 
2.4.3.3.1 Sample Locations 

o? Bunieidinaan« J."„ne,h»- 198V f.iv<? borln9s were conducted inside Building #9 in the manufacturing area. Crystalline arsenic 
rhl .reportedly existed beneath the floor of this buildinq 
The borings were placed such that one boring was placed in each 
f looV ° Fiaure ̂  7^ h W3S Pl9Ced in the Center Sf the SB ?s' ?? CB"OV ws approximate location of borings • ' B'26' SB"27' SB-28 and SB-29 within Building #9 ?he 
boring logs are presented in Appendix C, while the analyses 
performed were presented in Table 2-3. Analyticalresultsa?e presented m Section IV of Appendix A. y^icai results are 

2.4.3.3.2 Sample Methods 

the°«oo!!e.?0iJ;.TPleSK C°Ulfl be obtained- cores were cut out of S 

drill " 
during the'cVrin" recirculated '"to' Mt "ll* keep'Tt" c"! B 
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Two methods were used to collect the cooling water from the 
coring operation. First, a silicone sealant was placed around 
the hole and a barrel liner was sealed to the floor. The 
cooling water was to be containerized in the barrel liner 
vZerZe\' sealant did not work' and a scan with an Organic 
Vapor Analyzer detected volatiles from the sealant. The first -
hole where this operation was tried was therefore plugged. 
Subsequent cores were drilled without using the barrel liner to 
containerize the cooling water. 

The cores were pulled out from the hole and were set aside during 
nno 9°^ sampling. The cores showed that the floor consisted of 
concrete ^ brick overlaying approximately 10 inches of 

A 12-foot high tripod with a portable motorized cathead attached 
"""u J*as up to sample the soils. Drilling rods were 

attached to the cathead and two foot long carbon steel split 
spoons were attached to the bottom of the rods. The split 
spoons were lowered into the hole. The split spoons were 
advanced by hammering the rods with a 140-lb hammer. The hole 
was sampled continuously down to the water table. Augering was 
unnecessary because the holes created by the split spoons 
remained open for the next sampling interval. 

arIenirfiJhiiper?s»nt °f thes® samPles "ere analyzed for total arsenic, while 25* were randomly selected for HSL orqanics/ 
-V ,analyses- Two of the samples were analyzed for 

P7 « L H CS* ®B"25 was sampled to 12 feet while SB-26, 
depth of the w^ef fable"" t0 10 feet' aCC°rding t0 th* 

J"" rare„a°tbetra.inedG'rotuhte XtS,™ 
hoLa '5® Pel,lel;S bef0re the C0res uere Placed in their proper 
holes. A sealant was placed over the five locations and the 
floor was cleaned of any water or debris. 

2.5 MONITORING WELL INSTALLATION 
2•5.1 Monitoring Well Locations 

The Phase II monitoring well program was designed to delineate 
the contaminant plume and provide a data base for the FS 
Figure 2-1 presented the actual Phase II monitoring well 
locations, while Table 2-4 summarized the actual depths and 
screened intervals. Monitoring well construction sheets are M 

H ApP®ndlx D- The methods used to install the wells z 
the site methods and can be f°und in the approved FOP for 

o 
Between May, 1987 and August, 1987 eight triple well clusters 
consisting °of ̂ "rf separa*e wells' and six double well clusters! « sisting of two separate wells, were installed. The EW-3 ^ 

o 10 cn V0 
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double well cluster originally planned was not drilled because 
of problems with access into the swamp. The 36 wells vertically 
characterize the water table aquifer to its base at the grey 
silty marker bed, approximately 120 feet deep. The triple well 
clusters each consist of a deep well screened just above the 
grey layer, a shallow well screened from five feet above to ten 
feet below the water table, and an intermediate well screened 
P®^ween these two. The double well clusters consist of a 
shallow and intermediate well only. 

The 36 monitoring wells and the existing ViChem wells were sur­
veyed to the nearest 0.01 foot vertical and to the nearest 
0.1 foot horizontal. Stream gauges were placed in the 
Blackwater Branch upstream and downstream of the site to monitor 
the Branch water level when rounds of water levels were taken 
These stream gauges were surveyed in the same fashion as the 
monitoring wells. 

2-5,2 Monitoring Well Construction 

Before installing the monitoring wells in the three well 
clusters, a pilot hole was drilled. The pilot holes were 
drilled with 6x4 inch hollow stem augers. When running sands 
were encountered below the water table, a 3-inch mud rotary bit 
was used to advance the pilot hole to its design depth. 

The monitoring well soil samples were obtained from the pilot 
holes. The pilot holes were logged with a gamma ray logger 
after reaching their design depths. The gamma ray logs provided 
continuous records of the geology to the bottom of the borings. 
These logs were useful in choosing the screen settings for the 
wells in the clusters. Figures 2-8a through 2-8n present the 
gamma ray logs for each well cluster. 

In general, pilot holes were not drilled for the double well 
tnU^hJrh^n-InStf1^X6- inch hollow stem augers were advanced 
to the bottom of the boring for the intermediate well. The soil 
samples were collected from this boring, and a gamma ray log was 
run with the augers in place. The intermediate depth wells in 
the double well clusters were then installed inside these 
borings. The two exceptions to this were EW-6M and EW-llM, the 
two double well clusters in the lagoon area." A smaller 6 inch 

hole was drilled first at each of these locations. Then 
these pilot holes were reamed with the larger 11x6 inch hollow 
stem augers to set the intermediate wells. 

The design of the drilling program was to install a series of 
monitoring wells to fully characterize the aquifer to its base 
SLrf iiY yer aPProximately 120 feet below the ground. The 
deep wells were to be installed on top of the clay layer The 
£ "SI,"1!'* wer? t0 be trom five feet Vo/e io ten 
feet below the water table. The intermediate wells were to be 
screened between these two at a, depth of 60 to 70 feet. The 
aquifer was thought to be fairly uniform to the clay layer at 
approximately 120 feet. y 
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The information found during the drilling program showed that 
this was not the case. The aquifer was not uniform to its base 
and the clay layer thought to be present at approximately 120 
feet was in many places a fine sand. This geology is discussed 
in detail in Subsection 3.1.2. it is important to note here 
that the geology influenced the actual screen settings in the 
monitoring well clusters. 

The deep wells were screened at the base of the middle sand on 
top of the lower sand that is discussed in Subsection 3.1.2. 

*?ot*;orn of these wells varied between approximately 100 and 
120 feet across the site. The intermediate wells were all set 
at the base of the upper sand, on top of a unit with clay 
laminae called the banded zone. The shallow wells were all 
screened from five feet above to ten feet below the water table m the upper sand. 

drillin9 methods for the different types of wells varied, 
fu ®ep wells were all installed using the mud rotary drillinq 

method. Most intermediate wells were installed using hollow 
stem augers. Mud rotary was used on some of the intermediate 
wells that were in these well clusters. Hollow stem augers were 
used for all of the shallow wells. 

Mud rotary drilling was the fastest method for installing the 
deep wells. For the first deep well that was installed, EW-15D 
it was attempted to ream the pilot hole. However, this proved 
unsuccessful. For all remaining deep wells, a separate boring 
WKS /r . ̂ fo5. the m°nitoring well and the pilot hole was 
abandoned by filling it with an approximate 1.5 lb/gallon 
bentonite/grout mixture (90% bentonite/10% grout). 

The mud rotary bit was eight inches in diameter. Inorganic 
bentonite was used to make the drilling mud. The mud was 
recirculated in a mud tub brought to each borehole. A pit was 
dug next to each borehole and was used to collect solids which 

ther settled out of the mud tub or which were separated from 
the mud using a sand separator. After completing the borings, 
excess_ drilling mud and solids were placed in the pit and 
stabilized by mixing in Portland cement. The stabilized mud 
pits were covered after they were solidified. 

Jhfof?6? 5?niJ01;ir}9 wells were constructed of four inch diameter 
threaded flush joint Schedule 80 PVC. The screen slot size was 

in<3, * 9 6 Was USed t0 seal the joints. Centralizers 
were used to center the screen and riser in the eight inch 
borehole As mentioned, the depth of the screen setting was 
determined from the gamma ray log and the soil samples from the pilot hole. 

added ^n^ni^Lthe S"ee" its desired depth, Morie #1 sand was 
added into the annulus between the borehole and the screen. The 
sand pack was brought up to approximately three feet above the 

<T* 
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screen. Approximately three feet of inorganic bentonite pellets 
were then added to form a seal. The pellets were allowed to set 
up and the remainder of the annulus was grouted to the surface 
with an approximate 1.5 lb/gallon bentonite mud using a small 
amount of cement (90% bentonite/10% cement). A six inch surface 
casing was then grouted in over the PVC riser. Figure 2-9 
presents the typical groundwater monitoring well construction 
diagram. 

Most of the intermediate wells were installed using 11x6 inch 
hollow stem augers. For the intermediate wells that were the 
deepest well in a two well cluster, soil sampling was performed 
during drilling as described in Subsection 2.4.3.2. For the 
intermediate wells that were part of a triple well cluster, only 
one soil sample was collected at the screen setting. Some of 
these intermediate wells were installed using the mud rotary 
method. 

The intermediate wells were constructed of Schedule 80 screen 
and riser. The construction details for these wells are the 
same as for the deep wells, except that centralizers were not 
used with the hollow stem augers. The sand pack, bentonite 
pellets, and bentonite grout were all added to the annulus 
between the PVC and the inside of the auger stem. The auger 
stems were pulled back continuously while adding the sand, 
pellets, and grout, ensuring that the well was centered in the 
borehole. Excess cuttings were placed in the pits. 

The shallow wells were all drilled with hollow stem augers. 
Only one soil sample was obtained from these wells, at the 
screen setting. These wells were screened from approximately 
ten feet below to five feet above the water table. In some 
cases, less than five feet of screen was installed above the 
water table if the water table was shallow. Pellets were again 
set on top of the sand pack, and grout added to the surface. 
Excess cuttings were placed in the mud pit. 

Most of the wells were completed by grouting in a five foot 
long, six inch diameter outer casing at the surface over the 
PVC. However, the wells in the cluster along North Mill Road, 
EW-2D, -2M and -2S, were flush mounted to provide protection from traffic. 

After all of the wells in a cluster were drilled, the pits for 
the cuttings were stabilized and graded. All cuttings were 
buried in the pits. No cuttings were containerized for later disposal. 

Drilling water, bentonite mud, pure bentonite used to make the ^ 
*Hing mud, and the sand used in the sand pack were all sampled 3 

and analyzed for total arsenic. The samples obtained are 
presented in Table 2-6, with the results presented in Section ~ 

of Appendix A. In general, a sample of the mixed drilling i-1 
mud was obtained whenever drilling mud was used in a boring. 

o 
vo o> to 
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TYPICAL GROUNDWATER MONITORING WELL 

STEEL CAP WITH PADLOCK 

CAP 

v \ \ v \ \ \ \ v \ 

4" PVC RISER 

BENTONITE PELLET-
SEAL, MINIMUM OF 
1-FOOT 

10 FEET 

BOTTOM CAP 

6 FT LENGTH OF 
1 STEEL CASING SECURELY 

SET IN CONCRETE T 
2 FEET 

lilil 

NOTE: DEEP AND INTERMEDIATE WELL SCREENS 
ARE 10 FEET LONG 
SHALLOW WELL SCREENS ARE 15 FEET 
LONG, FROM 5 FEET ABOVE TO 10 FEET 
BELOW WATER TABLE. 

GROUND SURFACE 

3 FEET CONCRETE COLLAR 

/CASING SEAL-GRANULAR 
BENTONITE AND CEMENT 
SLURRY (1.5 LB./GAL. 
POTABLE WATER) TREMIE 
OR PRESSURE GROUTED 
INTO HOLE 

-FLUSH JOINT 
THREADED COUPLING 

• 4" PVC, 20-SLOT 
WELL SCREEN 

CLEAN SAND PACK-MORIE 
=1 OR EQUIVALENT 
EXTENDING A MINIMUM OF 
3 FEET ABOVE THE TOP OF 
WELL SCREEN 

BENTONITE SEAL 
(AS NEEDED) 

NO SCALE 

U.S. ENVIRONMENTAL PROTECTION 
, AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 2-9 

TYPICAL 
GROUNDWATER MONITORING WELL 

EBASCO SERVICES INCORPORATED 



TABLE 2-6 

NUMBER QF DRILTiTNfi MUD. SAMP. BENTONTTTT AHH 
WATER SAMPLE ANALYSER 

STATION 
NUMBER 

EW-1 

EW-2 

EW-4 

EW-5 

EW-6 

EW-7 

EW-8 

EW-9 

EW-10 

EW-11 

EW-12 

EW-13 

EW-14 

EW-15 

Note: 

7769b 

DEPTH OF 
WELT, MEDIUM TYPE OF 

SAMPLE 
Deep 
Medium 

Mud 
Mud 

Water 
Water 

Deep 
Medium 

Mud 
Mud 

Water 
Water 

Deep 

Medium 

Mud 
Bentonite 
Sand 
Mud 

Water 
Soil 
Soil 
Water 

Deep 

Medium 
Mud 
Water 
Mud 

Water 
Water 
Water 

Medium Mud Water 
Deep 
Medium 

Mud 
Mud 

Water 
Water 

Medium Mud Water 
Deep 

Medium 
Mud 
Water 
Mud 

Water 
Water 
Water 

Deep 
Medium 

Mud 
Mud 

Water 
Water 

Medium Mud Water 
Medium Mud Water 
Medium Mud Water 
Medium Mud Water 
Deep 

Medium 

Mud 
Mud 
Water 
Mud 

Water 
Water 
Water 
Water 

duplicate sample 

2-44 

TOTAL ARSENTO 

(a) 

30 
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2.5.3 Monitoring Well Development 

All wells installed during the Phase II investigation were 
developed by pumping and surging at least 24 hours after instal­
lation. The pump and surge method of development attempts to 
remove the fine material produced during drilling, creating a 
graded zone of sediment around the screen and stabilizing the 
formation so that the well will yield sand—free water. Two 
hours of development were allotted per well. One hour was 
devoted to continuous pumping while the second hour of develop­
ment involved 10 minute pumping intervals intermixed with five 
minute non-pumping or surging intervals. 

A suction pump and PVC tubing were used to pump water out of the 
well and into 55-gallon drums that were emptied into 5500 gallon 
storage tankers. Each well had its own length of PVC tubing to 
prevent cross-contamination. 

The clarity of the water was tested by allowing water to flow 
into a glass jar. The wells that were drilled with mud took more 
than two hours to become clear. The shallow wells and the wells 
that were drilled with no drilling fluid became clear in less 
than two hours. On average, each well was developed for two hours. 

2.6 GROUNDWATER INVESTIGATION 
2.6.1 Sample Locations 

Two rounds of groundwater samples were taken from the 36 Ebasco 
installed monitoring wells and the 11 ViChem monitoring wells. 
In addition, one sample was obtained from the deep monitoring 
we^ installed by ViChem in the lagoon area (labeled "HART 
Well"), and one sample was obtained from the ViChem production 
well. The location of all of these wells was presented in 
Figure 2-1. Section V in Appendix A presents the analytical 
results for these wells, while Tables . 2-7 and 2-8 present 
summaries of the analyses performed in each groundwater sampling 
event. The methods used to obtain the samples are standard 
methods and can be found in the approved FOP for the site. 

The groundwater samples were taken from July 20 to July 28, 1987 
and from September 15 through September 29, 1987. At least two 
weeks transpired between monitoring well installation and sampling. 

2.6.2 Sample Methods 
< All of the monitoring wells and the Hart well were purged prior 

to sampling. The ViChem production well runs continuously; 
therefore, there was no need to purge this well. The sample was 0 
obtained from a bleed valve at the well head. o 
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TABLE 2-7 

EBASCO WELL GROUNDWATER SAMPLING ANALYSES 
SAMPLING EVENT #1 (7/87) 

TOTAL NUMBER OF ANALYSER 
TOTAL NUMBER DISSOLVED 
OF WELLS INORGANIC BNA VOA P/PCB ARSENIC 

48 50 13 50 50 50 

Note: 

Total number of analyses includes duplicate analyses. 

< H a 
o 
o 
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TABLE 2-8 

EBASCO WELL GROUNDWATER SAMPLING ANALYSES 
SA M P L I N G  E V E N T  # 2  ( 9 / R 7 )  

TOTAL NUMBER OF ANALYSES 
TOTAL NUMBER ^ " 

48 54 15 54 54 

Note: 

Total number of analyses includes duplicate analyses 

OF WELLS INORGANIC BNA VOA P/PCB ^RSENTp0 

54 

< M a 
o o V-1 

o VO <n 

7769b 2-47 



The wells were purged with a suction pump and a downhole suction 
line made of ASTM D-2239 PVC tubing. A check valve was attached 
to the end of the suction line to prevent backflush. The purge 
water was containerized at the well head into 55 gallon drums. 
The water was then transported and pumped into the tankers stored 
on-site. At the end of the program, the tanker contents were disposed off-site. 

Three to five well volumes were purged from each well. The pH 
specific conductance, and temperature of the purge water was 
measured initially, after each well volume, and at the end of 
purging. The volume of water purged from each well depended on 
how quickly the water became clear and how quickly the water qua­
lity measurements stabilized with purging. Table 2-8A lists the 
actual well volumes purged from each well in each sampling round 
and the elapsed time between the end of purging and the time of 
sampling. These measurements were recorded on the Well Purge 
Data Sheet shown in Figure 2-10. The water quality measurements 
are discussed in Section 4.0 and are summarized in Table 4-6a. 

After purging, the suction line was removed and the well's water 
levels returned to static. This water level recovery throuqh 
time was recorded for each well to determine the physical charac­
teristics of the aquifer. As discussed in Subsection 3.4 1 the 
water level recovery data yielded poor values of aquifer 
transmissivity, probably as a result of well inefficiency. 

The wells were sampled generally within three hours after water 
levels recovered. Samples were obtained using stainless steel 
bailers suspended on teflon coated stainless steel wire The 
bailers and the wire were decontaminated between each use. 

All of the groundwater samples were analyzed for dissolved 
arsenic, HSL VOA (+10), HSL inorganics (unfiltered), and 
pestlcides/PCBs. In addition, 25% of the groundwater samples 
were analyzed for acid/base/neutral extractables. The dissolved 
arsenic aliquot was filtered in the field. The dissolved 
arsenic and the unfiltered HSL inorganics aliquots were 
preserved prior to shipment with nitric acid to a pH of less 
than 2. All of the samples were iced prior to shipment. 
2.6.3 Aquifer Testinn 

Several physical tests were performed on the aquifer. As men­
tioned, water level recovery was measured in each well after 
purging to attempt to obtain single-well pumping test data. This 
e ort yielded inaccurate values of transmissivity. A pumping 
test was performed using ViChem's well MW-10 as the pumping well 
and measuring the drawdown in ViChem wells MW-11 and MW-9 

comPlete rounds of water level measurements were taken! 
These measurements are summarized in Table 3-3. Finally water 
and6EW -W6re *nstalled on clusters EW-15, EW-5,' EW-4, t i L  r i l  ,  cont,iriu°us recordings of water levels through 
trme. The aquifer testing is discussed in Section 3 4 
Hydrogeologic Investigation. ' 
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TABLE 2-8A 
GROUNDWATER SAMPLING WELL PTTROF DATA 

ROUND 1 BETWEEN END 
(Well OF PURGING 

WELL • Volumes) AND SAMPLING 
(minutes) 

EW-1S 7 21 
EW-1M 6 43 
EW-1D 4 58 
EW-2S 7 50 
EW-2M 3 7 
EW-2D 3 0 
EW-4S 5 9 7 
EW-4M 5 93 EW-4D 5 129 EW-5S 6 98 
EW-5M 4 93 
EW-5D 4 234 
EW-6S 5 29 EW-6M 4 20 EW-7S 7 18 EW-7M 4 14 EW-7D 5 15 EW-8S 4 10 
EW-8M 3 8 EW-9S 5 83 
EW-9M 3 51 EW-9D. 3 7 EW-10S 7 69 
EW-10M 6 82 EW-10D 4 137 EW-11S 5 10 EW-11M 4 5 EW-12S 6 10 EW-12M 3 1 EW-13S 8 29 EW-13M 4 29 EW-14S 7 157 EW-14M 10 106 EW-15S 5 4 EW-15M 3 18 EW-15D 5 4 MW-1 8 0 MW-2 8 6 MW-3 4 37 MW-4 5 34 MW-5 4 32 MW-6 4 42 MW-7 4 0 MW-8 5 301 MW-9 3 2 MW-11 5 

ELAPSED TIME ELAPSED TIME 
ROUND 2 BETWEEN END 
(Well OF PURGINING 
Volumes) AND SAMPT.TNG 

(minutes) 
8 9 
6 11 
4 22 
7 47 
5 53 
3 60 
5 67 
5 50 
4 67 
6 46 
4 50 
3 9 
6 11 
4 7 
7 14 
3 12 
4 7 
10 11 
4 9 
8 11 
3 27 
4 14 
7 43 
6 44 
5 84 
7 3 
3 12 
7 9 
3 51 
7 14 
3 24 
7 7 
3 8 
5 27 
4 7 
3 8 
7 27 
7 9 
4 9 
5 8 
4 8 
4 10 
3 19 
5 1 
3 2 
5 9 
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FIGURE 2-10 

VINELAND CHEMICAL COMPANY SITE 
WELL PURGE DATA SHEET 

_ft 
ft 

Well I. D. 
ft 

Well Depth (from TOC) 
Static Water Level (from TOC) = 

Height of Water in Well 

T = Depth (ft) - Static Water Level (ft) 
T = 
T = ft — 

Gallons of Water per Well Volume 
Volume = 0.163 x T(ft) x r(in)2 

= 0.163 x x 2 

Total Volume Purged 

Design = 
Actual = 

Water Quality 

gallons 

_gallons 
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Date 

Well Diameter (d) 
Well Radius (jj 

PH 
(SU) 

Initial 
Volume 1 
Volume 2 
Volume 3 
Volume 1 
Volume 5 

Purge Method 

SUCTION PUMP 

Notes/Observations: 

SP COND 
mh^s/cm) 

TEMP 
(°C) 

SUBMERSIBLE PUMP BAILER OTHER 

Ebasco Sampler(s) 



2.7 CHICKEN COOP INVESTIGATION 
2.7.1 Sample Locations 

On July 9, 1987 one composite dust sample was obtained from each 
of the four chicken coops on-site. Figure 2-7 showed the 
locations of the coops and the rooms, inside. The analyses 
performed on the samples are shown in Table 2-9. The analytical 
results of the dust samples are presented in Section VI of 
Appendix A, while the analyses are summarized in Table 4-7. 

These coops reportedly had been used to store wastes and/or 
products in the past. Each of the four coops had a different 
number of rooms in it; therefore each coop had sampling points 
that were randomly distributed throughout the entire structure. 
The dust on the walls and floors was sampled and an inventory of 
the contents of each coop was taken. 

Coop #1, the northern-most coop, has seven rooms. One of the 
rooms is being used for ordinary domestic storage while the rest 
of the coop is relatively empty. Rooms #1 and #2 are dirty and 
Rooms #3 through #6 are clean. The samples were taken off of 
the concrete floor and window sills in each room. Some of the 
windows were boarded up. 

Coop #2 has three rooms with the eastern-most room being used 
for domestic storage. The windows in Coop #2 were blown out. 
The floor consisted of unpaved dirt. The samples were also 
taken off of the floor and window sills in each room. 

Coop #3 has nine rooms. This coop is being actively used by 
ViChem for storage, and the doors are locked. The coop was 
boarded up entirely with the ninth room being inaccessible 
throughout the sampling. Room #1 stores pump parts and lab 
equipment, Room #2 appeared to contain a track on which items 
could have been transported from one room to another. There 
were about 180 drums in this room with signs on them that read 
aiobromomethane, sodium bromide and sodium thiocyanate. Room #3 
contained about 200 plastic, steel and cardboard drums that were 
packed very tightly. Room #4 appeared to be rebuilt. Dust 
masks, Tyvek and about 35 drums were present. Five of the drums 
were made of deteriorated cardboard. Stickers on these drums 
indicate that they contained borax, lime, soda and diatamaceous 
earth. Room #5 contained approximately 180 plastic & steel 
drums with sodium bromide and sodiumthiocyanade. Room #6 
contained boxes of insulation and forms of asbestos on pipe 
insulation. Room #7 and Room #8 contained steel and plastic 
drums in poor condition. This coop has a concrete floor. 

Coop #4 had six rooms; the western-most room was used for 
chlckens, Room #2 was being used for domestic storage 

and the rest of the rooms were empty. There were rust stains on 

9829b 
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TABLE 2-9 

NUMBER OF COOP DUST SAMPLE ANALYSES 

STATION NUMBER : HSL INORGANIC 
Coop #1 i 

Coop #2 i 

Coop #3 2* 

Coop #4 i 

"Includes 1 Duplicate 
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the floor of Rooms #1 and #3 indicating the previous presence of 
drums in this coop. This sound structure has all of its windows 
open and had a concrete floor. 
2.7.2 Sample Methods 

One combined dust sample was obtained from each of the four 
chicken coops. The samples were obtained with small hand held 
vacuum cleaners. One vacuum cleaner was used to collect the 
dust sample from each coop. The dust samples were obtained from 
the floor, window sills, or other locations where dust accumu­
lated. The dust was emptied into eight ounce jars before being 
sent to a CLP laboratory. 

All of the dust samples were analyzed for HSL inorganics. One 
duplicate sample from Coop #3, the actively used structure, was 
also obtained. 

2.8 LAGOON INVESTIGATION 

2.8.1 Sample Locations 

There are six lagoons on the ViChem site, two lined and four 
unlined. The two lined lagoons and one of the unlined lagoons, 
UL-A, are actively used by ViChem as part of its wastewater 
treatment operation. The lagoon locations are shown in Figure 
2-11, and were discussed in Subsection 1.2.1. The analyses 
performed on the water and sediment samples are summarized in 
Tables 2-10 and 2-11. The analytical results from these samples 
are presented in Section VII of Appendix A. 

Water samples were collected from the two lined lagoons during 
the second round of groundwater sampling on September 28, 1987. 
Water samples were also collected from the unlined lagoon, UL-A, 
at various times. Three samples were collected out of the 
ponded water within lagoon UL-A on July 7, 1988. An additional 
sample was collected directly from the treatment plant discharge 
pipe into this unlined lagoon on September 28, 1987. The waste 
stream that was cycling through the treatment plant at the time 
this sample was obtained is unknown. 

Sediment samples were also collected from unlined lagoon UL-A at 
two locations. Location A was in the center of the lagoon 
directly south of the discharge pipe. Location B was on the 
south side of the lagoon approximately 200 feet west of Location 

Soil samples were also obtained from various locations in the 
lagoon area. A soil boring was conducted inside dry lagoon UL-D 
to the water table. Surface soil samples were collected along 
the sides of unlined lagoons UL-A, -B, and -C. Soil borings 
were also drilled at locations SB-5, 6, 7, 8, and 10 to the 
water table. In addition to these, the soils in well borings 
EW-6 and EW-11 were sampled continuously to the water table when 
these well borings were installed. 
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2.8.2 Sample Methods 

Water samples from the lined lagoons were collected by lowerinq 
stainless^ steel buckets into the lagoons and filling the sample 
bottles from the buckets. The water samples from the unlined 
lagoon taken in July, 1987 were obtained by filling the sample 
containers directly from the ponded water in this lagoon except 
for the dissolved arsenic aliquot, which was collected in a 
stainless steel beaker and poured into the filter apparatus. 
Tno-r water samPle taken from the unlined lagoon in September, 
1987 wais obtained by filling the bottles directly from the 
treatment plant discharge pipe, except for the dissolved arsenic 
alrquot which was filled directly into the filter apparatus out 
of the discharge pipe. 

The water samples from the lagoons were all analyzed for 
dissolved arsenic, HSL organics, and HSL inorganics. The 
dissolved arsenic aliquot was filtered in the field The 
unfiltered HSL inorganics and dissolved arsenic aliquots were 
preserved in the field with nitric acid to a pH of less than 2. 
All samples were iced prior to shipment. 

The sediment samples collected from unlined lagoon UL-A were 
collected with stainless steel hand augers. Samples were 
collected from 0-1, 1-2, and 2-3 feet below the sediment/water 
interface at each of the two sampling locations. Each of the 
six samples was homogenized in a stainless steel beaker before 
being placed into sample jars. 

Each of the six samples were analyzed for arsenic, iron and 
grain size. Five of the samples were analyzed for TOC. One 
sample was analyzed for EP toxicity metals. 

2.9 SURFACE WATER AND SEDIMENT INVESTIGATION 

I" phases I and II of the field investigation for the ViChem 
site, sediment and surface water samples were collected from the 
llrl rfniV BJ*nch' *he Maurice River, and Union Lake. Samples 
were collected upstream of the ViChem plant to as far as 38 
river miles downstream of the plant. 

The results of the surface water and sediment investigation are 
discussed in detail in the River Areas RI (Ebasco, 1989c) and 
the Union Lake RI (Ebasco, 1989e) . However, the results of the 
investigation at three stations on the Blackwater Branch, ER-3, 
ER-3A and ER-4 are discussed in this report to aid in 
delineating the transport of arsenic from the ViChem plant. 
2.9.1 Sample Locations < 

3 
ER9^6 l0Clti0nS °f stations ER-3, ER-3A, and 
ER 4. The Blackwater Branch flows east to west, therefore ER-3 o is upstream of the site and ER-4 is downstream from the site. 2 

o V© —] —1 
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Table 2-12 lists the types of samples collected at each station 
in Phases I and II with the analytical results for Phase II 
presented in Section VIII of Appendix A. 
At the time these stations were sampled in Phases I and II the 
Blackwater Branch was flooded as shown previously in Figure 1-5. 
The flooding began just downstream of the Mill Road bridge by 
ER-4 and extended upstream approximately to ER-3. The flooding 
was caused by a beaver dam located downstream of ER-4. As 
mentioned, the beaver dam was removed in October, 1987 in 
anticipation of constructing a new bridge over the Blackwater 
Branch on Mill Road. 

2.9.2 Sample Methods 

Water samples were collected from stations ER-3A and ER-4 during 
Phase I with a Kemmerer sampler. The sampler was lowered into 
the stream opened and the messenger was sent to activate the 
sampling device and obtain a sample of the water column. All 
aliquots for the various analyses listed in Table 2-12 were 
filled from the Kemmerer sampler. 

Water samples were collected from stations ER-3, ER-3A, and ER-4 
in Phase II by dipping the sample bottles directly into the 
stream, except for the dissolved arsenic sample aliquot. The 
dissolved arsenic aliquot was obtained by dipping a stainless 
steel beaker into the stream and filling the filter apparatus 
from the beaker. The sampling method was changed between Phases 
I and II because the Blackwater Branch is less than 2 feet deep, 
and because of the desire to use the minimum amount of sampling 
devices to avoid cross-contamination. 

The water sample aliquots analyzed for dissolved arsenic were 
filtered in the field. These aliquots, and the unfiltered 
aliquots analyzed for full HSL inorganics, were preserved with 
nitric acid to a pH of 2 or less prior to sampling. All sample 
aliquots for the various analyses were iced prior to shipment. 

Sediment samples were obtained from stations ER-4 and ER-3A in 
P h a s e  I .  T h e  s e d i m e n t  s a m p l e s  w e r e  t a k e n  w i t h  £  v m i s o  c m .  
Poor sample recovery was realized with this sampler, generally 
only the top foot^ of sediment was retained for analysis. 
Therefore, the sediment sampling procedure was modified for 
Phase II. 

and Sediment samples were obtained from stations ER-3, ER-3A, 
ER-4 in Phase II. These samples were obtained by using a hand 
auger to sample sediments at depths of 0-1, 1-2, and 2-3 feet ^ 
below the sediment/water interface. Two of these core type ^ 
samples were obtained from each station, one on each side of the 3 

Blackwater Branch. 
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The sediments sampled m Phases I and II were removed from their 
sampling devices and placed into stainless steel buckets 
A11quots for volatiles analyses, if required, were taken before 
- p rS9^niZing• sediment- Aliquots for the remaining analyses homogenized prior to filling the sample bottles. alyses 

In situ water quality measurements were obtained in Phases I and 
ERl4 in Phase I?.' S°r£aCe "at" fl°" m6aSUred at ^ 

2-9.3 Supplemental Sampling 

Additional sediment sampling was performed in the Blackwater 
Branch in November, 1988. The purpose was to aid in delineatinq 
the volume of contaminated sediments remaining in the floodplain 
remaining after the beaver dam was breached. The sample 
locations and results are discussed in detail in the River Area'" 
I and FS reports (Ebasco, 1989 (c) and (d)). ^ 

h v n n 1  f  o p f  2 2  b r i n r  W f r S  c o n d u c t e d  o n - a n  a p p r o x i m a t e  2 0 0  f o o t  
by 200_ foot grid. Samples were obtained with a hand auger ov«r 
approximate two foot depth intervals. Samples were obtained 
through the depth of sediment (black organic soil) , until sand 
was reached. From the well installation and soil boring program 
material in" the a0" 3'°' ^ ™as known that the natural geologic 
atenal in the area was a clean, well-sorted sand. When this 

material was encountered, the soil borings were terminated. 

two foof le%Werei obKtained usin9 hand auger and compositing the 
foot intervals be the same methods outlined above Samples were analyzed for total arsenic. samples 

2.10 AIR MONITORING PROGRAM 

During monitoring well installation, an air sampling program was 
i- J uted t0 suPPlement the preventative measures of the site 
thf relative eexYnoPlan (HA,SP) ^ t0 Pr°vide documentation o? 

elative exposures during these activities Previous 
indP-a?9. hr,n\,the SUe rGronnai-ssance and other studies 
ind.udtdi. t h o u  the c : n t an.u n a,. c , cf prime, r <• concern (*.-S -
arsenic Standpoint> would be airborne (i.e.; dust "'and 

Based upon the past studies, the amount of vegetation present 
and the drilling methods that were to be employed it w^ 
^id1Pbe \\e P°te^ialA0r 8XPOSUre t0 «»."'= 'an^au"' 

% s decided, therefore, to conduct area 
sampling for arsenic and dusts on two days of each week of the 
wer"notndetlrminedtalladi0,} activities- Th® Says to be sampled 
amount of f lexibility 'in'The ̂  °r'3e': t0 provide the greatest ' 
samples to be taken on the days Should provid^the'Veatest 
situations eXP°SUre 'nd th"S "present* "the* 
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Although arsenic and dusts were the main concern for the air 
sampling program, real-time instruments were also used routinely 
to monitor the ongoing work conditions for organic . vapors and 
explosive gases. Readings from the monitoring instruments were 
recorded in the site Health and Safety log books. SCrUmentS were 

2.10.1 Sample Locations 

Week-to-week flexibility was required in choosing when and where 
the air samples were to be taken. Because a well installation 
program can experience delays or acceleration and weather 
patterns can change rapidly, this flexibility was necessary to 
assure that the days/locations sampled would be representative 
OL worst case exposures. Therefore, the sample locations were 
determined each week, based on a number of factors. 

.factors, that were taken into consideration when choosing 
which days/locations were to be sampled included: 

o Well location (wells to be installed in and around the 
lagoon area were targeted for top priority); 

o Current and forecasted weather (dry, hot, windy 
conditions were preferred); 

o Past weather (previous rainfall may reduce dust 
generation); and 

o Activities scheduled (the first steps during well 
installation pose greatest potential for dust 
generation). 

A number of the samples were collected in and around the lagoon 
area. Other areas that were sampled include the inside of 
Building 9 near the chicken coops, near the Blackwater Branch 
and at the well location EW-1 that was to serve as the 
background location. 

Table 2-13 presents the air sampling results. 
2-10.2 Sampling Methods 

we.re collected in accordance with established NIOSH 
(National Institute for Occupational Safety and Health) methods, 
and were shipped m accordance with EPA1s Contract Lab Program 
procedures to document their chain-of-custody. The NIOSH 
methods utilized for sample procurement and specified for sample 
respTrah 1 ,°5°° f°r t0tal dusts' Method 0600 f o r  
compounds ' ̂  Meth°d 7900 £°r "senic ^anic 
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TABLE 2-13 

AIR SAMPLING RESULTS 

0.3 (u) 
1-5 0.2 

0.5 

TOTAL 
RESPIRABLE 

DATE WELL LOCATION TOTAL AS(1) TOTAL DUST(2) DUST(2) 

5-12-87 EW-5D 0.1 (u) 1.6 (u) „_2 (u) 

5-14-87 Decon Pad 0.1 (u) 1.7 (u) 
5-28-87 EW-14 0.1 (u) 
5-29-87 EW-15 0.2 (U) 1.6 (U) 
6-2-98 EW-12 0.001 mg* 0.24(3)* 0.32(3)* 
6-4-87 Decon Pad 0.001 mg* 0.12(3)* 0.19(3)* 
6i°"37 a'-7 9.1 («) 2.4 (a) o'.A 

8.11 (0) 1.6 (u) 0.3 
6-16-87 EW-6 0.1 (u) 
6-18-87 EW-2 0.09 (U) 1.6 (U) 
6-18-87 EW-2 0.09 (u) 1.6 (u) 1.0 

6-23-87 EW-4 0.001 mg* -0.64^* 
6-25-87 Bid. #9 0.001 mg* -0.62(3)* -0.55(3)* 
6-30-87 E-W-11M 0.001 mg* -0.65(3)* -0.'49(3)* 
7-1-8/ Ew-ilS 0.001 mg* -0.5̂ * —0 52 ̂3 ̂ * 
5-12-87 Blanks 0.1 mg (u) 0.2 mg (u) 0.2 mg (u) 

1-6 1.0 
1.0 

O 'A- V, u:.lcc. : •/ nou-T 
(2) mg/m , unless otherwise noted 
(3) Post sample weight in mg, filter is subtracted 
(u) Below detectable limit 
* Sample invalidated 

<, M '3 
o 0 
1 I 

o 
<0 

2-63 2 
7769b 



Because the number of samples that were to be taken was limited, 
samoles To ^ SampleS rather than Personnel samples To help assure that the samples would be 
catef s clo,p0f the r°rk, freas' the samPling Pumps were located os close as practical to the point of operation on the 

downwind side and elevated so as to be at a height of approximately 5.5 feet. neignt of 
The pumps were pre- and post-calibrated on each day's use, usinq 
a representative filter-cassette in the calibration train 9 

2.10.3 Air Sample Results 

applic^ble0^?91hoable lls1Ts the allowable exposure limits 
June and July, 1987 samelln9 Performed at vichem during May, 

Total Respirable 
^ Nuisance Dusts Dusts 

acg^) :tz:i nz:i 5rar3 

(^Occupational Safety and Health Administration 
American Conference of Governmental Industrial 
Hygienists, 1987-1988 
*No exposure limit established. 

When.this is compared to the results given in Table 2-13, it can 
be seen that in all cases the amounts of dust and airborne 
arsenic were well below the allowable exposure limits The 
information provides a quantitative measurement of t£e 
personnel s working environment. Examining the data from this 
installation nf ^ determined that Personnel involved in the installation of -monitoring wells did not receive exposures to 
these contaminants m excess of the applicable regulations. 

2.11 QUALITY ASSURANCE AND QUALITY CONTROL 

- . li . 1 Dc cr-_n_r ami nation PtoopUh.-p^ 

To ensure that chemical analysis results were reflective of the 
involved °nC in slmn] present at sampling locatrons,1equipment 
Decontamination was a^so^perfo^ed'^'minimTte the^entiaTfor 
of contamination1©"f-^i^t^.en SampUn9 l0Cati°ns and tha 

Ail equipment was decontaminated prior to drillinq excavation 
n sampling activities. Such equipment included drilling rias 

downhole tools, augers, well casings and screens p' 
bailers, and water level indicators. spoons, 
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Prior to drilling or leaving the site, large equipment not 
irectly utilized for sampling, was decontaminated by 'steam 

the dH?l 3r decontamination pad. Such equipment Tncluded drill rigs, augers, well casings, rods and screens. 

Prior to_ sampling all equipment such as split spoons bailor-
bailer wires, spoons and all surface water and sediment sampling 
equipment was decontaminated using the following procedures: 

o Alconox or liquid detergent wash 
o Potable water rinse 
o Nitric acid rinse 
o Potable water rinse 
o Acetone rinse 
o Disti1led/deionized water rinse 

After cleaning, small equipment was wrapped in tin foil or 
utcher paper to minimize contamination prior to utilization." 

SLrdLt^̂ eiolizê a1̂  
;«̂ iVedVSo™1i!th°yiaenanCp̂ iŷ l,,,.,,a «« 

2.11.2 OA/OC Sampler 

"v".?J!Sr"d.„.%.Vch™<Sr fâ VTdli"? 
initiating the sampling on that day. The trip blank waq f ' ii°h 
"1th deionized, organic free wate/andwas isedJodetermrne" i? 
shipment0"5 T^e" triDath?? t occurred between samples during snipment. rhe trip blanks were analyzed for volatile^ nniv 
IppLdlxT -suits are presented i,°s'ectio» T l i  
A field blank was taken for each media sampled at a frequencv of 
™ & 11 
hlpuh Sa™?tin9 .•"« d-cntami„atio„.US«eJd 
A . analytic*' resuU;; ar- presented in ti T̂Tx ~ o  f'*Appendi' 

methodology ® Sample matrlx on the analytical 
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2-11.3 Field Audi Is 

Several audits were performed to determine that the field work 
FOP fCo°rn'fUhpte^WlthlHn ,thS pr°cedures Presented in the approved 
protocols in accordance with accepted USEPA and NJDEP 
fnii n  °  Audits  a n d / o r  i n s p e c t i o n s  w e r e  pe r f o r m e d  b y  th e  following personnel on the following days: 

DATE COMPANY/AGENCY 

Ebasco QA (Phase I) 
P/P/H/ NJDEP 
5/13/87 NJDEP 
8/1^/87 Ebasco QA 
5/27/87 USEPA 
6/2/87 USEPA 
1/1/87 USEPA 
7/16/87 Ebasco QA 

2.11.4 Data Validation 

?hear?paiihy °?jective, Level 4 analyses were performed by 
the CLP laboratories for this RI/FS. This is the highest level 
qualYty QA/QC, designed to provide data of the highest 

Only analytical data that withstood this rigorous QA/OC 
vabflap6' 1S °nly data which were not rejected in the 
validation process, were considered valid and usable for this 
RI/FS. Throughout this report and in the Appendices am 
analysis marked with an "X" was rejected. This analysis was 
therefore not used to draw conclusions about contaminant 
means" dl<J n0t factor int° calculates averages and 

RI/FS 'the'116 larn Size .of the analytical data base for the 
reported here Th?s re].ectin9. an individual analysis is not 
provided if requested. lnformatl°" la available and can be 
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3•0 PHYSICAL CHARACTERISTICS OF STUDY ARVA 

3.1 SITE GEOLOGY AND SUBSURFACE FEATURES 
3.1.1 . Regional Setting 

The ViChem site is located in the Atlantic Coastal Plain qeo-
morphic province. The area is characterized geologically by a 
thick sequence of Cretaceous to Recent age sediment (sand 
gravel, silt and clay) which overlies the bedrock basement; the 
edrock surface is inclined gently toward the southeast. The 

sediment, primarily marine and nearshore fluvial elastics, forms 
a s t r a t i g r a p h i c  w e d g e  e s t i m a t e d  t o  b e  f r o m  2 , 5 0 0  f e e t  t h i c k  in 
the northwestern part of the county to 4,500 feet thick in the 
southeastern part of the county (Walker, 1983). 

The major stratigraphic units a r e  presented in Table 3-1 and a 
representative cross-section of the stratigraphic wedge is shown 
m Figure 3-1. The dip of the stratigraphic units is on the 
oraer of 1-2 degrees toward the southeast. 
3.1.2 Stratigraphy 

The ViChem site is immediately underlain by a sequence of sand 
units, with local clayey and silty interbeds. The sediment is 
correlated with the Cohansey and possibly upper Kirkwood 
formations, both of Miocene age. 

Although the Kirkwood and Cohansey can be mapped in outcrop, the 
distinctions between the two units are not always clear (Isphord-
mg and Lodding., 1969). Facies changes within the formations, 
as well as the transitional contact between the formations, have 
c o n t r i b u t e d  t o  t h e  p r o b l e m  o f  i d e n t i f y i n g  t h e  c o n t a c t .  T h i s  is 
especially true in the subsurface. 

As a practical matter, the formal stratigraphic names have little 
bearing on the geology beneath the ViChem plant site It was 
however convenient to define four informal stratigraphic units 
uring the progress of this RI. The unit subdivisions are based 

on Sd.n[ut descriptions and on borehole gamma logs. sp] i t svoo; 
samples, obtained at 2- to 5-foot intervals., provided discrete 
sampling points throughout the boreholes, while the gamma logs 
provided a continuous stratigraphic record of the boreholes to 
help identify geologic contacts and to establish a correlation 
between the boreholes. The sediments are grouped on the basis 
°fovera11 similarities, but they are characterized by varia­
bility, both in samples and gamma response. 
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Plney Point 
Formation 
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Formation 

Vtr.cer.tcvn 
Formation 

SAnd, quartz," Light-colored, meoiun grained, 
P e t s I v . 

SAnd, qua r t2, light-colored, heterogenous, 
c**y«y» pebbly, glauconitic. 

Gravel, quart:, light-colored, sandy. 

Sand, quartz, light-colored, medium to 
coarse-grained, pebbly; local clay'beda. 
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to •hellow Weill, 

Thicker tends are capable of yielding large 
quantities of water. 

No known wella cap this formation. 

A major aquifer. Ground.water occurs general'./ 
under water*table'conditions- In Cape .".a*, 't« 
Aquifer la under artesian condltioni. Inland 
from the coast and in the northern part of 
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Cohansey Sen£*. 
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colorea Olatomaceous clay. 

Sand, quart: ar.d glauconitlc, ftne-
coar se-gr alr.ec. 
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and green, fine- to coarse-grained, 
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aquifer along the Atlantic Coast Is the love 
aquifer or the Atlantic City "900-fooc" sand 
The upper aquifer la arteaian In Cape Ka*. 
In the Atlantic City area it is also artesia 
but thin (10-20 feet) and not presently bem 
used. Inland from the coast anc ir. the ncrt. 
em part of the coast in Ocean County, the 
upper aquifer constats of the upper part of 
the Klrkwood Formation and the Cohansey Sane, 
locally aay be under ••miartesian or 
artesian conditions. 

mnor aquifer in New Jersey. Createst this*. 
f>ess In Cumberland Counrv. 

Locally aay yield 
Q Y'Ui-

all quantities of water 

locally may yield small to 
of water to we Us. 

aocerate quantities 

Locally aay yield small to moderate quantities 
of water to wells. 

Locally may yUld 
wells. 

all quantities of water to 
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Red Sank Sand 

Sana, quart:, ana glauconite, brown and gray, 
fine- to coarse-grained, clayey, alcaceous. 

No known wells tap this sane. 
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Formation 
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English town 
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Sand, glauconite, and quart:, green, black, 
and brovr., aedlurw to coarse-grained, clayey. 

Yields small quantities of weter to wells in 
Monmouth Countv. 

Sana, quart:, brown ana gray, fine- to coarse 
grained, glauconitic. 

locally may yield small quantities of water to 
wells. 

Sand, quart:, gray ano Orovn, very fine-" 
fln«.grained, glauconitic. mieaceoua. 
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i major aquifer in the northern part of the 
Coastal Plain. A sand 'unit within the tve 
formations forms a single aquifer. 
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220 Sand, quart:, tan ana gray, fine- to 
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Formation 

gray ar.c sUck 
Clay, gray ana olec*, micaceous, giaucon-
Itlc, illty; locally very fine-grained 
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A major aquifer in the northern part* or the 
Coastal Plain. Two aquifer uniti in 
Ocean Countv. 

Potomac Croup 
77 .ACCOu 9 
Unconsolidated 
rock* and 
Wliteruchon 

Sand,' quart: . light-gray, fine-grainec, 
dark-gr_av lit", "ic cliv. 

•ans' , :. »r t: 1. gt-gr J V  . tine tc c 
grained, pebbly, arkosic, red, wt.ite, anc 
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The two formations form a major confining 
unit throughout the New Jersey Coastal 
Plain. Locally the Herchantville'mav vi« 
small quantities of water to wells. 

Alternating clay, silt, sand, ana gravel. 

Precambrian and l#wer Paleorotc crystalline' 
rocks, metamorphic schist and gneiss; 
locally Triaasic basalt, sandstone, and 
shale. 

Major aquifer system in Ntv Jersey Co-s:»L 
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P'.ai.-.. two aquifers nave been :«:me:. T.n: 
are the Farrington aquifer (mainly ftaritan 
age) and the Old Bridge aquifer (Hagothy 
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E*cept along Fall Line, no wells obtain 
water from these consolidated rocss. 

Source. Vowmket, E.F., and Foster, W.K., 1931, Hydrogeologic 
Conditions in the Coastal Plain of New Jersey, U.S. Geo! Sur 
Open File Rpt. 81-405. 
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Water Resources Investigation Report 
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Evaluation of Water Levels in 
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Coastal Plain, 1978 
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diVniiav thp Sfh°WS the locations of three cross-sections which 
display the four stratigraphic units found on site. Table 3-2 

pper—^4 ' Generally, the upper sand is a medium to 
coarse-grained, well-washed, poorly graded sand. Some 
gravel lenses are present locally. The unit is usually 
light brown m color, but can vary locally to dark brown 
orange brown to red-purple, and gray. The upper sand 

•in thickness from approximately 40 to 80 feet 
thickening to the southeast, consistent with the 
southeasterly regional dip. 

MMsd_Zone - The banded zone is an interval of interbedded 
^"trcs, fine-medium Sand' Silt' clay' and mixtures of 

materials. The unit has well defined bedding 
laminations. Color varies; commonly the sediment is light 
to medium brown, although darker brown and gray colors are 
about Pnr^SJ"t oc ba/lded zone varies in thickness from 
about 12 to 25 feet, being thickest in the northwest part 
of the site. Individual layers within the unit appear to 
be discontinuous. 

Middle Sand - The middle sand is a medium-fine grained 
£heannY; • ^ thin clay laminae throughout. 
The unit is generally light to medium brown or light gray 
m color. The thickness of the middle sand is fairly 
consistent, ranging from about 32 to 40 feet within the site area. i-m-u une 

Lower Sand - The lower sand is a medium to fine-grained 
relatively dense, sand unit. The top of the unit is marked 
by a thin (1 to 2 feet), distinctly black to dark gray 
clayey . interval. The clayey interval is relatively 
consistent throughout the site, but it is not clearly 
fpHrt boreholes. The dark gray material has a 
fetid sulfide odor and is believed to represent natural 
np2! nraa;ea, '• perhaps stagnant lagoon deposits; it is 
san? ryn rnn ^ Wlthin 5 t0 10 feet °f the top of the lower 
sand. In most cases, the deeper holes of the current 
investrgatron were terminated in either the clayey interval 
or in dark gray sands of the lower sand unit. One 
borehole EW-5 however, was advanced about 25 feet beneath 

10 foot dark gray to black zone at the top of the lower 
e"co4"tering light gray to brown sand and silt, 

similar to those of the middle sand. 
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3.1.3 St ructnrp 

The basic structural framework of the coastal plain is dominated 
by the southeast dip of the basement surface. The basement rock 
3~h- b*\!eVeKd primarily a Precambrian metamorphic complex 
which has been eroded to a relatively flat surface, then tilted 
to the southeast as shown in Figure 3-6. The bedrock gradient 
or dip is approximately 100 feet per mile [approximately1 
degree (Vowinkel and Foster, 1981)]. 

Structural, features within the sedimentary wedge that lies abovp 
the basement surface are related principally to erosional or 
topographic influences within the sedimentar? units 
Differential compaction of some units may also lead to local 
downwarPing,_but in general, structures such as faults or sS" 
folds are quite rare within the coastal plain sediments. 

Within the ViChem site, the dominant southeasterly dip is 
of^n^l h°mhb0re^°?e data' and maPPing indicates the presence 
of local highs and lows superimposed on the regional dip. This 
an be seen on the accompanying cross sections as well as Fiqure 

3-7 depicting the base of the upper sand, and Figure 3-8 which 
shows minor relief on top of the lower sand. The data sua! 
dip values of 0.5 to 2 degrees within the site area. There is 
no indication of sharp folding or faulting in the site area 
3.2 GEOPHYSICAL INVESTIGATION 

3.2.1 Survey Resu1ts 

Apparent terrain conductivity data for the areas identified in 
Figure 2-4 are presented in Fiqures 3 - 9  to o 14 ac. ±_ 

most' of Afh in.ustrated on these figures, EM data observed^over ' 
most of the site are generally low and uniform, suggesting that 
bin fi iVhe, near surface the highly permeable sands may hav^ 
been flushed of arsenic salts by surface recharge. Most ?f thl 
observed variations of terrain conductivity are within the range 
of background values established for the site or are attributed 
to cultural interference. However, after filtering for a „ 
tne laao noise slightly elevated EM values were observed bet-w—n 
tne lagoons and tne Blackwater Branch floodplain immediately"to 
io„,n°:3\Wlthl.n 3 <Fi9Ure 3"10)' ana i" the ™]acent por-

tions of Area 5. in addition, slightly elevated EM values Sere 
itvofeC?hP oi? ln ?rSa 6 (Fi9ure 3-13), in the general vicin-
snTn H chicken coops by well cluster EW-14, where a spill may have occurred in the past. 

Another 8 n orris 1 y of interest "is i nf ancn J J_ • 
evident in'Area 4 near Jen EW-13(Figure 3-1 TS'T f 
probably reflects the occurrence of a buried storaqe tanker a 
reinforced septic tank and is probably not due to arsenic salts. 
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The background apparent resistivity is very high (approx. 50,000 
ohm - feet) near the surface. Such values are typical of very 
clean (little to no clay fraction) sands. The apparent resistiv­
ity drops significantly at a depth of about six feet, probably 
indicating the depth of the water table. The apparent resistiv­
ity at and below the water table is approximately 600 ohm - feet 
to a depth of about 26 feet. At this depth, a high apparent 
resistivity layer (8,000 ohm - feet) exists which could reflect 
a change in lithology. 

In contrast, the resistivity sounding curve for Area 3 suggests 
a much lower apparent resistivity (less than 2000 ohm - feet) 
near the surface. The apparent resistivity drops to a low of 
about 400 ohm - feet at a depth of approximately 25 feet. This 
low resistivity zone, which extends to a depth of about 44 feet, 
might reflect the presence of electrically conductive contami­
nants at depth. This sounding was located based on apparently 
anomalous terrain conductivity readings. 

The electrical sounding curve for Area 6 indicates a lower 
surface apparent resistivity (29,000 ohm - feet) than background 
(52,000 ohm - feet). This sounding was performed near the 
location of an old chicken coop used for chemical storage that 
was suspected to be a point source of contamination. In 
addition, a thick zone (50 feet) of low apparent resistivity 
exists below the site starting at a depth of approximately three 
feet. This zone is more than twice the thickness of the zone of 
low apparent resitivity observed in the background sounding. 

Metallic debris was detected at several of the planned drilling 
sites. For these sites, the precise location for drilling was 
shifted slightly, to where no metal was detected. Sites which 
showed no change from the observed background terrain conduc­
tivity were considered free of buried metallic drums or other 
similarly large metallic objects. 

The geophysical data were evaluated in light of information 
about the site hydrology, groundwater quality, and boring logs 
to delineate the cause of the geophysical anomalies. 
Specifically, apparent terrain conductivity (EM) data were 
compared to the following: 1) specific conductivity; 2) 
dissolved arsenic, aluminum, and iron content within the ground­
water; 3) boring logs; and 4) depth of water table. 

Data from the shallow wells best represent the groundwater 
conditions at the depth targeted by the geophysical survey 
(approximately 13 feet, the depth which had the greatest 
influence upon the total observed instrument response). Water 
quality data from the intermediate and deep wells could not be 
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compared to the terrain conductivity data because sample depth 
exceeded the sensing limits of the coil configuration used in 
the EM survey. The shallow well data and terrain c?nductTvi^ data is discussed below. 

SPECIFIC CONDUCTIVITY VS. METALS CONCENTRATION 

The specific conductivity of groundwater is proportional to the 
concentration of ions in solution. The extent of influence Jhe 

con^uct|lvlty1 of groundwater has upon terrain conduc­
tivity depends largely upon how conductive the groundwater is 
compared to the other parameters which also influence terrain 
conductivity. If the specific conductivity of the groundwa"e? 

significant enough to impact the terrain conductivity, this 
could be used as an indicator of relative ionic concentration within the groundwater. 

The_ specific conductivity, of all wells was plotted versus the 
ionic^concentrations of aluminum, iron, and arsenic in Figures 
3-15 through 3-17 to determine if any of these metals occurred 
m concentrations significant enough to control the specific 
conductivity. if a relationship was observed, then it might 
have been possible to associate terrain conductivity with the 
concentrations of a given metal (i.e., arsenic) Lross thl 
correlation fnS plot®' however, suggests that no such correlation to specific conductivity existed for aluminum or 
iron and suggests only a slight relationship with arsenic. 
TERRAIN CONDUCTIVITY VS. SPECIFIC CONDUCTIVITY 

chaT1?6 3-18m1S a plot °f the terrain conductivity at each of the 
shallow wells versus the corresponding specific conductivity. 
There is no apparent relationship between these two parameters 
The plot probably indicates that the specific conduct"™" of 
?«r.'ir„°nc,SSutcVi»Vty!00 1W " 3 o" tSS 

TERRAIN CONDUCTIVITY VS. METALS CONCENTRATION 

Terrain conductivity was plotted versus aluminum iron, and 
throuoh con,5®nt rat ions for the shallow wells in Figures 3-13 

Tjiere. aPPears to be no correlation between terrain 
However 1V aY sUch?1™^ *luminum or iron concentrations. However, a slight relationship may exist between terrain conductivity and arsenic ion concentrations. Detween terrain 

TERRAIN CONDUCTIVITY VS. HYDROGEOLOGY 

.cond.uctivity was compared to the boring logs for all of 
monitoring wells within the geophysical grids. Only the 
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upper 30 feet was considered. Review of the logs showed no 
significant variation in grain size to account for the observed 
range m terrain conductivity. The borings logs indicate that 
fine to medium sands underlie the entire site. 

Terrain conductivity was also compared to water table deDth aq 
shown in Figure 3-22; There is no clear relationship between 
the terrain conductivity and the depth to water. The inability 
of the groundwater to significantly impact the terrain conductiv­
ity can be attributed to the groundwater having a low specific conductivity. of cv,x x xu 

3.2.2 Survey Conclusions 

The geophysical data show no significant geophysical anomalies 
There appears to be no significant relationship between the ter­
rain conductivity and groundwater quality, lithology, or depth 
to water table. The specific conductivity of the groundwater is 
not high enough to produce a noticeable effect on the terrain 
conductivity across the site. Consequently, most of the observed 
terrain conductivity values appear to be within the ranqe of 
background variations. 

The cause of the slightly elevated terrain conductivity values 
north of the active lagoons (Figures 3-10 and 3-12) is unknown. 
The possibility exists that contamination may be the source of 
the elevated values; however, cultural interference may also be 
ufie C8US6 • 

The EM survey coil spacing mandated by the relatively hiqh 
levels of cultural background noise restricted the effective 
sensing depth to generally less than 25 feet. Consequently, the 
results of the EM survey do not preclude the presence of a 
deeper contaminant plume as suggested by elevated specific 
conductivity (2,200 umhos/cm) and arsenic (361,000 uq/1) 
detected in groundwater from monitoring well EW-4M. Although 

\ greater coil spacing for EM surveying would sense to 
depths where significant contamination is observed, logistical 
complications at the site (proximity to cultural features and 
terrain obstacles) makes such a survey impractical. 
3.3 SOIL INVESTIGATION 

3.3.1 Physical Characteristics 

^!!lSiZ?1analySeS Were Performe(3 on soil samples taken at the 
Ebasco well screen settings and on sediments from the bottom of 
the unlined lagoon, UL-A. Permeability and Atterberg limit 
analyses were performed on the dark grey material seen at the top 
of the lower sand at depths of 115 feet to 127 feet in monitor-
ing well borings EW-4, EW-7, EW-9 and EW-15. The grain size 
Se^tion1^!7^ a"3 ^tterberg limit analyses are presented in section ill of Appendix A. 
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The grain size analyses were classified in phi (0) units, 
which are proportional to the variety of grain sizes found in a 
particular sample. The phi units correspond to grains sizes 
larger than sand, (less than 1), sand (-1 to 4), silt (4 to 8), 
and clay (greater than 8) . 

The visual geologic descriptions of the soil samples match the 
grain size analyses for the samples very well. Most of the 
subsurface samples contained 85%-99% sand and most contained 
between 0-s and 10-s silt or clay. Very few samples contained 
particles larger than sand. The majority of the grain size 
analyses reflect the occurrence of medium sand throughout the 
subsurface with little silt, clay or larger-than-sand particles. 
At EW10M-34, there is coarse sand and fine gravel which is 
reflected by the 32.7% larger-than-sand particles. At EW1M-31 
it is believed that the sample was taken of wash because 93.5% 
of the particles were larger —than—sand, which is too high for 
the observed medium-to-fine sand with coarse sand and gravel. 
The grain size distributions of all of the samples are fairly 
uniform with depth. 

The grain size analyses of the surface sediments from the 
unlined lagoon show uniform sand contents with little or no fine 
or coarse particles. All six samples show very little to no 
silt, clay or larger-than-sand size particles. 

The Soil Survey of Cumberland County (Van R. Powley, USDA Soil 
Conservation Service, 1973) has identified the surface soils in 
the vicinity of the ViChem site as being a loamy sand, found on 
slopes of 0 - 3-s grade. Named the Klej Soil Series, it consists 
of mostly moderately well drained, permeable soils that are 
subject to blowing when drained during the summer months. 

The permeability results of the dark grey material at the top of 
the lower sand encountered at EW-4D, EW-7D, EW-9D and EW-15D 
range between 4.5 x 10-9 cm/sec and 6.2 x 10-9 cm/sec. 
(These tests were done in a triaxial cell using a falling head, 
per ASTM Method D4318). In the remaining deep borings, there 
was not enough clay at the top of the lower sand to take a 
Shelby Tube sample. 

The Atterberg limits describe the water content at which soil 
consistency changes from a solid to a plastic and from a solid 
to a liquid. The liquid limit is the amount of water at which 
the soil on two sides of a groove flows together after the soil 
has been dropped 25 times through a distance of 1 cnu The 
plastic limit is the amount of water at which the soil crumbles 

iS ro.lled t0 a thread 1/8 of an inch in diameter (Wu, 
1976). The different clay minerals in soils exhibit different 
consistencies at the same water content. 

The liquid limit results of the Shelby Tube samples from EW-4D, 
EW-7D, EW-9D and EW-15D range between 43% and 58% while the 
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plastic limit results range between 10% and 25%. When Atterberg 
limits are plotted on a plasticity chart, the conclusion may be 
made that these four samples are silty clays with some orqanic 
content. 

3.4 HYDROGEOLOGIC INVESTIGATION 

The site is underlain by the Cohansey-Kirkwood aquifer, the shal­
lowest and most important source of groundwater in Cumberland 
County (Rooney, 1971). The Cohansey Sand and the upper 
Kirkwood Formation occur from near land surface to a depth of 
approximately 180 feet. In this geologic section, the overlayinq 
Cohansey Sand cannot be differentiated from the Kirkwood 
Formation. 

Figure 3-23 indicates the pattern of water movement in the 
Cohansey-Kirkwood aquifer in Cumberland County from water levels 
taken during 1950-1960. The arrow north of the City of Vineland 
in Figure 3-23 indicates that the generalized horizontal ground­
water movement in this area is to the west, toward the Maurice 
River. Lateral and deep percolating groundwater flow is from 
higher elevations, in the northern part of the county to lower 
areas along stream valleys and the Delaware Bay. 

Physical and chemical data were obtained to characterize the 
aquifer under the site for this RI. The types of physical data 
obtained and presented in the following sections include continu-
D1 1 S T*7 3 r D 7* I Q 7 7 A 1 v /s « /~v *- M M 1 1 i . > 

- — lauiuue cunt 
ous water level records from well clusters EW-4, EW-5, EW-7 and 
EW-1.5, 15 rounds of water levels taken between June, 1987 and 
March, 1988, the analyses of a pumping test that was performed 
by Ebasco on MW-10 on July 28, 1987, and single well tests per­
formed during groundwater sampling. The chemical data is 
discussed in Section 4.0 

3-4.1 Aquifer Characterise ns 

The gamma-ray logs that were performed on the Ebasco well borings 
indicated the occurrence of a continuous banded zone separating 
the uPPer sand from the middle sand between 38 feet and il feet 
be.ow the surface. The shallow and intermediate wells were set 
at the top and base of the upper sand, respectively. The deep 
wells were set at the base of the middle sand, on top of the 
lower sand, except for EW-5D. This well is screened in the 
lower sand, as is the ViChem production well and the Hart well 
the deoi^nf^h011 lo"tions were Presented in Figure 2-4, while 

depths of the monitoring wells were presented in Table 2-4. 

The hydrogeological investigation was designed to characterize 
the aquifer down to the top of the lower sand. The top of "he 
i? tLSr 1S characterized by a grey silty sand or clay. This 
hoV Known marker below which production wells in the area are 
was designed n^'T9 "at"' The hydrogeological investigation 
analysisconfirmed ew pe?\trate t0 this depth until chemical analysis confirmed the existence of contamination above it. 
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3.4.1.1 Water Level Records 

Figures 3"24, 3-25, 3-26 and 3-27, show the continuous water 
level records for well clusters EW-4, EW-5, EW-7 and EW-15 
These figures reflect the water level fluctuations for the 
^ Wr.eJ" in each- of the four clusters. For EW-4 EW-5 
?i v, i there are traces from the shallow, medium and deep 

"ens Tl5e £STJnL'!m" the traces for the deep and medium 

l!°hidiffervnt time scales were usecl in the investigation. The eekly scale was used when Ebasco personnel were on site durinq 
the field investigation. The monthly scale was used wJen 
personnel were not on site. e 

Total daily rainfall was also plotted in Figures 3-24 through 
jnrn During the monitoring well investigation, a daily 

record was maintained using a rainfall gauge. The 
August rai9n8 7 ThT^ .was..maintained from May, 1987 through August, 1987. This rainfall record is plotted with the water 
SV ^ 5r°K EW~15, The total daily precipitation for the traces 
£a?nfa?? between August and November was obtained from the 

,statl°n at the Millville FAA Airport (Monthly 
rainfall s?Srory SCDCil N0AA' Asheville' North Carolina) ine rainfall station results aqreed with the rainfall 

results when the two records overlapped. 

anUoferth°ef se°tn,ClUSei0nS Can^be drawn fr°m these hydrographs. On 
well.. hnth ^ results show that the shallow and medium 
ells, both screened in the upper sand, behave identicallv 
through time and have virtually identical water levels The 
deep wells showed fluctuations, some of which may result from 
pumping Between 8/10 and 8/20/87, the trace EW-15D shows the 
apparent effects of a pump being turned on and off a number of 
times. The fluctuations in the deep wells' water levels are not 
seen in the shallow and medium wells. The EW-4, EW-5 and EW-7 
hydrographs show the deep wells' water levels being higher in 
elevation than the shallow wells water levels. The EW-15 
tltllXal 17 ̂ he °TSitt trend- A POSSlble explanation for 
creating a fal?/, to viChem'a pumping „u, , hich is creating a lalsely low deep water lev#=»i i 
explanation is that EW-15 is the farthest of' these ^lust^s" ?om 
and ahaC^Water f""?' The EW"7 "ydrograph shows both the deep 

fva 4-vf u water levels reacting to rainfall after 10/27/87 
with the shallow trace reacting so much that it rosf above ̂  
maePh • °/e lowerin9 back to equilibrium. The deep trace may have risen due to overlaying pressures. 
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Inblaen3~nfPrrhentS th ? 15 rounds of water level measurements made 
on all of the monitoring wells. These measurements included 
stream gauge water level measurements at two locations N N  t-ho 
Blackwater Branch; where the branch crosses beneati Mil r 
and farther upstream near Building #9. Two stream gauges art 
shown on the site map at both the upstream and downstream 
locations The second gauges were installed before the beaver 
dam at Mill Road was destroyed. The second gauges were placed 
thP «,fS ce,nter. of the stream to accommodate the lowering of 
the stream's level. The water levels in the monitoring wel?S 

^ith stainiess steei ana chaik or Sh 
calibrated electric sounding devices (m-scopes). 

dust as the Stevens water level traces indicated Table 
shows that the water levels in the shallow and medium wells in 
the same cluster- were virtually identical m ?dd\wells in 

water levels of the deep wells were all ' slightly hig°her iS 
elevation than their associated shallow and medium wells. 

Ind ^°ntlnu°us. water level traces, the rounds of water levels 
f 5L9h° interpretation of the gamma-ray logs, indicate 
d  d  anded zone is a less permeable layer than the uddp t  

- zsrtiMzsrfs: 
s a n d ,  s e p a r a t e d  b y  t h e  b a n d e d  z o n e .  ̂  UP P 6 r  S a " d  a " d  t h e  m i d d l e  

The upper sand is very homogenous. No vertical variaHnnc 
seen in the water levels of the shallow and Lai" in the 

sh^^uni^ £\"h.'£p 

aaLamiddle1 sand is less homogenous than the upper sand The 
gamma-ray logs showed clay laminae within the middle sand ThJ 

uppeiesandnd displa*ed gen«al* higher water levels5 Than t^ 

producTon Tefl &andanth 13 th.e.unit that is pumped by the ViChern v - e l l  a n d  t h e  m u n i c i p a l  p r o d u c t i o n  m o  l i e  :  „  
markPr hod K  • ne tW0 units is noted by a dark grey 
S bihtV f'lCOU1Itt°f San<J that stains some very "w 
presented previously ^The separaLon'bet P«raeabhilitr -a"its 
and the matpri^i L1A  separation between the middle sand 
program? mat6rial below was "<>t fully investigated in this 

3 sr 
o o 
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It should be noted that this dark grey marker bed was identified 
by previous ViChem reports as being a continuous, 15 foot thick, 
clay layer that separated the middle sand from the underlying 
sands pumped by the ViChem production well. However a consider­
able amount of sand was found in this dark grey zone in this 
invest igat ion. 

It should also be noted that Ebascc did not determine the verti­
cal ̂ permeability of the banded zone separating the upper and 
medium sand as part of this investigation. This zone consists of 
sands with interspersed clay laminae approximately 10 to 15 feet 
thick. This zone may act as one unit, however in any given sam­
ple it is heterogeneous and difficult to test for permeability. 

3.4.1.2 Groundwater Contours 

Three representative sets of water levels were selected for 
presenting groundwater contours. Water table contours in the 
upper sand aquifer and potentiometric surface maps of the middle 
sand aquifer are plotted for 10/19/87, 11/2/87 and 1/27/88 in 
Figures 3-28 through 3-33. To contour the water levels, the 
3-point structural contouring method was implemented. Separate 
plots were created for the water levels in the upper sand from 
the water levels in the middle and lower sand because the water 
levels were distinctly different. Shallow well water levels 
were used for the upper sand aquifer plots since the shallow and 
medium well water levels were similar. A one-half foot contour 
interval was used. 

Conclusions may be made about the characteristics of the upper 
sand and the middle sand aquifers. Within the upper sand the 
predominant direction of groundwater flow is north to north­
west. There is approximately a three foot drop in water level 
between the eastern part of the site and the western side of the 
site. As seen in Figures 3-28, 3-30 and 3-32, water levels in 
the upper sand aquifer are higher than in the Blackwater 
Branch. The groundwater in the upper sand aquifer appears to be 
recharginq the Blackwater Branch. 

No obvious groundwater mounding i.s seen in the vicinity of the 
unlined lagoon UL-A. This unlined lagoon receives treated 
discharge water from the treatment plant and also receives the 
non-contact cooling water discharge. There is a general bending 
of the groundwater contours in the lagoon area but not enough to 
indicate mounding. It should be pointed out that the flow rate 
of the discharge water entering the unlined lagoon was not 
measured. It is possible that mounding would occur at a high 
flowrate, but this cannot be quantified at this time. 

The middle sand aquifer has a predominant direction of flow to 
the west. There is approximately a two foot water level 
difference between the eastern side of the site and the western 
side of the site. It is unknown whether there is a hydraulic 
connection between the middle sand and the Blackwater Branch, 
although there is an upward hydraulic gradient between the two 
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3.4.1.3 Aquifer Tests of Upper and Middle Sands 

During both- groundwater sampling efforts, the Ebasco and ViChem 
wells were purged before sampling. The water level recoveries 
after purging were measured. The recoveries were plotted to 
attempt to determine the aquifer's transmissivity. 

These single well tests produced very poor data. The transmis-
sivities from these plots were too low, approximately 1,000 
gallons per day per foot (gpd/ft), and did not fit with known 
regional values or the assumed values based on grain sizes 
within the aquifers. 

A pumping test of MW-10 was performed on 7/28/87. ViChem was 
pumping this well at 25 gallons per minute (gpm) as part of 
their groundwater treatment system. The water was discharged 
into the lined lagoon LL-2. Ebasco measured the drawdown and 
recovery in MW-10 as well as in MW-9 and MW-11 for eight hours 
of pumping. The analyses of the pumping test are found in 
Appendix E. 

Throughout the lagoon area, the saturated thickness of the upper 
aquifer is approximately 50 feet. MW-9 is located approximately 
one-half an aquifer thickness away from MW-10, 29.5 feet, while 
MW-11 is located approximately one aquifer thickness away from 
MW-10, 49.5 feet. For this reason, the analyses performed on 
MW-11 were considered the most reliable. Time versus drawdown 
were plotted for MW-11 and analyzed by the Theis method (Theis, 
1935). For MW-9, time versus drawdown were plotted and analyzed 
by the Jacob and Theis methods (Cooper and Jacob, 1946) . For 
the pumping well, MW-10, residual drawdown vs. a t/t' and 
drawdown and recovery versus time were plotted and analyzed by 
the Jacob method. 

Table 3-4 summarizes the values from the pumping test analyses. 
The three drawdown plots for MW-11 produced transmissivities of 
100,526 gpd/ft, 119,375 gpd/ft and 137,500 gpd/ft. The storage 
coefficient from these plots was 0.1, 0.86 and 0.056. The most 
representative transmissivity value from these plots was esti­
mated to be 110,000 gpd/ft and the most representative storage 
coefficient was estimated to be 0.1. These values were used 
during groundwater modeling. 

The pumping well MW-10 only partially intersects the aquifer. 
Therefore, it was necessary to evaluate the effects of partial 
penetration on this pumping test. When the pumping well does 
not penetrate the entire aquifer thickness, and when the aquifer 
is unconfined and the time of pumping is relatively short, 
Hantush's (1964) correction method for steady state flow in 
unconfined partially penetrated aquifers may be used to deter­
mine possible partial penetration effects. The calculation was 
implemented for the drawdown in MW-11 by replacing drawdown, s, 
by s-s /2d where d is the depth of penetration. The effects 
of this correction on drawdown were insignificant. 
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Mw-in 
TABLE 3-4 

PUMPING TEST: 7/28/87 

WELL (gpd/ft) 
p lq . t  t r ansmtss t v t t v  

STORAGE 
coe f f t g t fm t  

METHOD OF 

MW-11 
mw-11 
MW-11 

TIME-DRAWDOWN 
t ime -Drawdown  
t/r2-DRAWDOWN 

137,500 
119,375 
100, 526 

0.056 
0 .86 
0.10 

runhli x o i s 

JACOB 
THE i s  
THEIS 

MW-9 
MW-9 

TIME-DRAWDOWN 
TIME-DRAWDOWN 

132,000 
168,529 

6.4xl0"4 
8.6xl0~5 

JACOB 
THEIS 

MW-10 
(pumping 
wel 1) 

RESIDUAL DD-t/t' 

D D  ( R e c o v e r y ) - t / t '  

124 , 528 

120,000 
JACOB 

JACOB 

Pumping Rate, Q = 25 gprn for 8 hours 

r° MW-9 ! = 29.5 ft. 

r° MW-11 = 49.-5 ft. 

VALUES USED FOR MODELING: 

T = 110,000 gpd/ft 
S = 0 . 1 
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nnWn° d""<Jown J1?** for Mw"9 Produced transmissivities of 
#; 4 -in-4 o *68,529 _^Pd/ft and storage coefficients of 

x ,a 8-6 x 10 • These values were considered 
unrepresentative due to the proximity of MW-9 to the pumping 
well. The two drawdown plots for the pumping well produced 
transmissivities of 124,528 gpd/ft and 120,000 gpd/ft. 

t ? n U n n n 9  ,??Uicfer thiekness of 50 feet and a transmissivity of ' 
110 000 gpd/ft from MW-11, the hydraulic conductivity (K) would 
be 2200 gpd/ft2 (294 feet per day). 

^red.(r: Hfrt Associates, Inc. conducted a 24-hour pumping test 
on ViChem s production, well in September, 1986. Water level 
measurements were recorded on four observation wells, the Hart 
well, MW-7, MW-10, and MW-11, in addition to the pumpina well 
The pumping rate was approximately 390 gpm and the pumped water 
was discharged into the unlined lagoon, UL-A, that receives 
treatment water. The semi-log drawdown plot for the deep Hart-
well, prepared by Fred C.. Hart Associates for ViChem is 
presented in Figure 3-34. 

The average transmissivity calculated from the drawdown in the 
Hart observation well is approximately 70,000 gpd/ft. Water 
levels rose slightly in the shallow monitoring wells indicating 
a delayed mounding effect due to the discharged water Water 
table elevations also rose north of the discharging lagoon 
indicating groundwater in the shallow aquifer was moving towards 
the Blackwater Branch. 

ih^n?h»S»OTt prfsent,fd in the report of this pumping test was 
that the clay layer (identified in this RI report as the dark 
grey marker bed at the top of the lower sand) was an impermeable 
boundary, and prevented the downward migration of groundwater 
into the lower sand. However, Ebasco reviewed the same data and 
observed a deflection on the drawdown curve shown in Figure 3-34 
Thih'Lf?LfeC°ndS (apP^oximately 5-5 hours) after pumping began, 
his deflection may be due to leakage across the dark grey marker 

bed at the top of the lower sand, or a recharge boundary. in 
^ Jer KaJf6' Vlf data Sh0w that leaka9e across the dark grey 
marker bed could be occurring, and that the lower sand may not 
be totally isolated from the upper aquifers. 

Previous tests and literature values for the upper sand aquifer 
can be compared to the values determined during this RI A 
pumping test conducted for ViChem (Lennon, 1982) was based on 
d^rino Ka't^t m 3t 100 •9Pm' MW"10 and m-11 "ere monitored 
during the test. Transmissivity in the area of the lagoons was 
determined to be 50,000 gpd/ft, storage coefficient values 
ranged between 0.04 and 0.1. The hydraulic gradient was deter­
mined to be 0.005 to 0.010 toward the Blackwater Branch. <j 

H"H 
2 

o 
o 

3-54 6835b 





The Cohansey-Kirkwood aquifer has been tested within Cumberland 
County. Transmissivity was determined from a pumping test to be 
about 30,000 gpd/ft, the coefficient of storage was calculated 
to be about 3.0 x 10 at a site where the aquifer was 25 feet 
thick. 

3.4.1.4 Groundwater Flow and Direction 

GROUNDWATER FLOW 

Table 3-5 presents a summary of the groundwater flow off of the 
site from the upper sand. The calculations used to determine 
the groundwater flow and velocity are found in Appendix F. 

Using Darcy's equation the average groundwater flow rate through 
the site was determined from: 

' Q = KIA 

Q = Groundwater flow rate per unit time, gpd 
K = hydraulic conductivity, gpd/ft2 
I = dh = hydraulic gradient 

dl 
A = cross — sectiona 1 area (at a right angle to the flow 

direction) through which the flow occurs, ft2 

The flow rate and velocity were calculated using the upper sand 
water levels from 10/19/87, 11/2/87 and 1/27/88. There are three 
specific directions of flow shown on the groundwater contour 
Plots (Figures 3-28, 3-30, 3-32). Vector 1 is from the lagoon 
area west towards Mill Road, Vector 2 is from the lagoon area 
northwest towards the EW-4 cluster, and Vector 3 is from the 
lagoon area north towards the Blackwater Branch. Groundwater 
flow and groundwater velocity were calculated in the three 
vector directions for 10/19/87, 11/2/87 and 1/27/88. The sum of 
the three flows for each of the three days were 490,916 gpd for 
10/19/87, 367,141 gpd for 11/12/87 and 61-8, 987/gpd for 1/27/88. 
The average groundwater flow underneath the site was estimated 
to be 492,351 gpd. 

GROUNDWATER VELOCITY 

The velocity was calculated for each of the three vector 
directions for the three days. The velocity of groundwater flow 
was calculated using the hydraulic conductivity, the hydraulic 
gradient and the effective porosity. The effective porosity of 
this clean sand aquifer was estimated as beinq 30% The 
equation used was: 

K(dTi) 
V = £_dl_l 

n 
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TABLE 3-5 

GROUNDWATER FLOW OFF-ETTE FROM UPPER sand 

Date 

10/19/87 

11/21/87 

1/27/88 

Average 

Q1 
158,922 

150,093 

158.922 

156,000 

70,753 

70,753 

94.337 

78,000 

261,241 

146,295 

365 . 738 

258,000 

Total 

490,916 

367,141 

618.997 

492,000 

* All flows in gallons per day along vectors 1, 2 and 3 
See Appendix F for calculations 

< M 2 
o 
o 
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Where - V = groundwater velocity 
K = hydraulic conductivity 

dh = hydraulic gradient 
dl 
n = effective porosity of the porous medium. 

Appendix F presents the velocity calculations for each vector 
(VX, V-2,. V3) and an average velocity for each direction. 
The velocity to the west was approximately 2.0 ft/day the 
velocity towards the EW-4 cluster was approximately 1.8 ft/day 
anu the groundwater velocity to the Blackwater Branch was 
approximately 5.5 ft/day. The average groundwater flow velocity 
off the site was estimated to be approximately two to five feet 
P6L ,  7  t i i r 10ugh  the uPPer sand. The aquifer properties of th-
middle_and_ lower sands were not evaluated, since no groundwater 
contsmination was d6tscted in those zonGs. 

3.5 GROUNDWATER USAGE 

The City of Vmeland Water - Sewer Utility provided a list of 
property owners who have frontage on North Mill Road from Oak 
Road north to the Blackwater Branch crossing and who also use 
the available public water. The water main has been installed 
along this stretch of the road since 1968. The City Tax 
Assessor's Office was contacted to determine if an occupied 
residence was listed for each lot. A field check was also 
performed to verify the number of occupied dwellings and their 
source of potable water. All of this was done to determine if 
J h e ' i i c h e "  p i a n t  ^  ^  9ro u n f l " a t "  e m a n a t i n g  from 

The results of this information gathering are shown in Fiqure 
35, which presents the properties, whether the property is 

connected to public water supplies (indicated by "metered"), and 
whether an occupied residence exists on the property. 

Blockfl?7le TS^WSi^that tW0 residences (Block 174, Lot 15 and 
5 n ,174' Lot 1.3) are not served by the public water line. 
These two properties are not directly downgradient of the ViChem 
plant site The remaining properties are either served by the " d° ^ 

Figure ̂ 3-36 shows the pumping stations for the City of Vineland 
Water supply. From the information gathered in this Ri it 
Se;rsr,that 1no"e of the water supply wells are downgradient of 
the ViChem plant site. The closest water supply well #7 is 
Mill Road3PP ATl'^f^h r50*0 f|6t- S°Uth °f the ViChem P^nt on 
Mill Road. All of the City of Vineland" s water supply wells are 
toD°ofethJ fnCreened below the dark grey marker bed seen at the 
top of the lower sand at the ViChem plant site. 

6835b 3-58 



(Z) W I 

0  t=: ,=  

LAGOON 
00  

v ? * E a £ r  CZZjcoc..-

ARt;A 

V ;  *  iB ; C  [  

00 
' E o E 0 

• lSS '.2 

©?c C, 

0..... .. 

0,0 SE° . .OE 

0= 

. -O.SE 

^^S'ETEEEEO 

E 

0 
"•'ETE9ED 

E 0 0 0 

L E G E N D :  

( v 7 2 ^  B L O C K  N U M B E R  

•  S O I L  S A M P L I N G  L O C A T I O N S  

R  R E S I D E N C E S  o L O T  N U M B E R  

* 
NORTH 

P R E P A R E D  B Y  C I T Y  E N G I N E E R  WI L L I A M  G  
A U S T I N ,  C I T Y  O F  V I N E L A N D .  0 C T 0 8 E R  1 9 7 1 .  

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 3-35 
R E S I D E N T I A L  S O I L  S A M P L I N G  

L O C A T I O N S  A N D  
W A T E R  S U P P L Y  A L O N G  N  M I L L  R O A D  

HU-O 
.<T\ 

EBASCO SERVICES INCORPORATED 





The City of Vineland commissioned an investigation into the 
hydro logic regime near its wells #7 and #10. The purpose was to 
determine the source(s) of TCE contamination in these we lis, ant 
to recommend technologies to remove the TCE. 

As pa L c or tnis investigation, a pumping test was conducted on 
well #7. The distance-drawdown plot revealed a cone of 
influence extending approximately 5,200 feet from the well under 
apparently steady-state conditions after pumping for 48 hours at 
1,000 gpm. The report estimated that the capture zone, the 
distance that the well would draw contamination back to it, was 
approximately 2,250 feet downgradient, and approximately 3.14 
times this distance parallel to the gradient. The estimated 
capture zone is shown in Figure 3-36. 

As shown in the figure, the estimated capture zone extends to 
the ViChem plant site. It must be recalled, however, that the 
pumping well is screened in an aquifer that is stratigraphica1ly 
be low the contaminated upper sand aquifer at the ViChem plant 
site. Since the water levels in both the upper and middle sand 
aquifers showed no apparent bending towards Vineland's Well #7, 
it is unlikely that this well is actually drawing water from the 
contaminated upper sand aquifer toward it. The capture zone is 
more likely within the lower stratigraphic unit that Vineland's 
Well #7 is actually screened in. However, as a precautionary 
measure, it is recommended in Section 8.0 that additional 
monitoring wells be installed in the upper sand aquifer south of 
the ViChem plant to insure that contamination is not miqratinq 
south. 

The City of Vineland periodically monitors its water supply 
system for arsenic content. The samples are taken from the 
distribution system, not from each individual pumping well. To 
date, arsenic has been undetected at the detection limit of 0.05 
mg/1. 

3.6 WATER BALANCE 

A water balance was calculated to determine the amount of 
groundwater recharge in the Maurice River drainage system using 
rainfall and stream flow data from the Maurice River gauaing 
station at Norma, NJ. A water balance was calculated for th° 
water years 1981-1982, 1982-1983 and 1983-1984 and is shown in-
Table 3-6. Appendix K shows the plots and calculations for the 
water balance. 

o o 

o 

CO 
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TABLE 3-6 

SUMMARY OF ESTIMATED AVERAGE WATER BALANCE 

AVERAGE OF 
1981-1982 1982-1983 1983-1984 • 1981-1984 

ITEM INCHES/YEAR INCHES/YEAR INCHES/YEAR INCHES/YEAR 

Water Gains 

Precipitation 38.6 40.9 52.8 44.1 

Water Losses 

Evapotranspirat ion 23.6 20.7 24.3 22 0 

(52%) 
Surface Runoff 5.5 11.0 13.1 9 . 9 

(22%) 
Groundwater Base 
Flow 9 . 2 15 .4 11.5 

38.6. 40.9 52.8 (26%) 
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F n i  ̂ alHUla-tS the^ water balance the following procedure w^ 
followed tor each water year. The mean monthly flQW or 
discharge athe Maurice River gauging station at Norma, NJ 

I .ajsinst time. The volume of this plot is equal r0 total 
! 1 ,'"urn \s made up of total base flow for that year 

i-u;)'-ai surrace runoff for that year. Therefore t-, 
Calculate the total runoff that enters the stream, the base"fio-
is subtracted from the total flow. 

mean fl°w was calculated by multiplying the average 
j,. L  in each month by the number of days in the mon^h * -1 

adding all of these products. The base flow was estimated "by 
rawing an arbitrary base flow curve that mimicked the tota1 

curve during the water year. The base flow for each moih-
was extrapolated from the plot and again added to give th tors hacp f 1 am /- „ . . ^ i i -j , _- c ^ ̂ auucu lu give tne mean 
total base flow The total surface runoff that contributes to 
, L fu aKfc th!, stream gauge station was determined by 

subtracting the base -flow from the total flow. 

The amount of precipitation in each water year was obtained 
the Mllville FAA Airport preoiprtatron station 
precipitation for each year was totalled, multiplied by the 
p 1 , . v uiu\,'^^1-OXIlXliLlie I i o U • L 
River basin Evapot ranspi ration was calculated for each water' 
year dy subtracting the total stream flow from the total rainfall. t-c. l. a -

3as rain f\°w ° r 5r0undwater discharge for the drainage basin 
b in re m total mean base flow was divided by the 
basin area ,112 square miles. In water year 1981-1982, th-
groun wa er discharge was 0.7 cfs/mi^; in water year 1982-1983 

taher diSCr,h3rpe WaS °-675 Cfs/mi2; and in water ear 
198u-1984, the groundwater discharge was 1.14 cfs/mi2. 

Tabie 3-6 summarizes the water balance in inches for the water 
years, 1981-1982, 1982-1983 and 1983-1984. This table shows that 
approximately 52% (23 inches) of the available rainfall is lost 
unofV£aPa°nd ̂ f?1 m 10r\le 12% U° inCheS) lea"es unoff and 260 (11 inches) recharges the groundwater. These are 

the average values over the three years analyzed. 

Mow ^dy,hPreHpared f0r Vi.Chem (Lennon, 1983 ) the average base 
flow oor the drainage basin that includes the plant site was 
estimated to be approximately 0.7 cfs/miW According to the 
C u m b e r l a n d  C o u n t y  G r o u n d w a t e r  R e s o u r c e s  r e p o r t  ( R o o n e y  1 9 7 1 )  
L  ab o u t  g S 4  4  f n r h  r m  1  P " < = i p i  t  a t  i o n  P i n  C u L e r "  a y n d  C o u ^ )  
a p p r o x i m a t p l v  79 a "  a v e r a g e  e v a p o t r a n s p i r a t i o n  i s  approximately 29 inches per year. These values are in general 
agreement with the values calculated for 1981-1984. 
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3.7 SUMMARY OF INVESTIGATION 

Three aoaiiers were identified under the vichem plant site, the 
upper, middle, and lower sands. The upper sand is separated 
from the middle sand by the banded zone. The lower sand lies 
below tne middle sand and is characterized by a dark grey marker 
bed at the top. This marker bed was identified by vichem pre­
viously as a 15 to 20 foot thick clay. In this investigation it-
was determined that this bed contained clay at some locations^ 
however at other locations it was composed primarily of .sand! 
The lower^ sand is pumped by Vichem's production well and bv 
local municipal wells. ViChem's pumping test of the lower sand 
indicates that the lower sand may not be totally separated from 
the middle sand, and that leakage may take place across 'the dark 
grey marker bed at the base of the middle sand into the aquife'-
pumped by ViChem. 

The upper sand is very homogeneous, with no vertical gradient 
between wells screened at the base or at the top. 

The groundwater flow- in the upper sand moves toward the Black-
water Branch to the north, northwest and west. The water levels 
in the ̂ upper sand are higher than in the Blackwater Branch, 
indicating that_ the upper sand discharges into this creek. The 
upper^ sand aquifer has a transmissivity of 110,000 gpd/ft, a 
coefficient of storage of 0.1 and a hydraulic conductivity of 
2200 gpd/ft^. The groundwater flow in the upper sand 
underneath the plant site averaged approximately 492,000 gpd, or 
0.76 cfs. The groundwater flow velocity ranged, between 1.8 to 
5.5 ft/day. The separation between the upper sand and the 
middle sand by the banded zone has not been fully investigated. 
It is not known whether the middle sand discharges into the 
Blackwater Branch, although it has been determined that an 
upward gradient exists between the two. Based on the extent of 
contamination discussed later (Sections 4 and 5), it appears 
that groundwater contamination is restricted to the upper sand. 

It should be noted that the transmissivity and storage coeffi­
cient estimated for the upper sand, are based on a very short 
duration pumping test (eight hours) at a low flow rate (25 
gpm) . Typically, a 72-hour, pumping test is- used to determine 
these properties in an unconfined aquifer. It was determined 
that performing_such a test was premature for the RI/FS stage of 
this investigation. However, such a test is recommended in the 
event that a groundwater pump and treat remediation scheme is 
chosen for arsenic-contaminated groundwater in the upper sand 
aquifer. 

6835b 
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4•0 NATURE AND EXTENT OF CONTAMINATION 

4.1 SURFACE SOILS 

Surface soil samples were taken from the high-and low-density 
SNRFAPÊ Ŝ L ' ° T0 2 F6ET W3S TAKEN FR0M EACH surface soil sampling site. Seventy-five percent of the surface 
soil samples were analyzed for total arsenic, while the remainder 
were analyzed for HSL organics and inorganics. 

The analytical results of the surface soil samples are presented 
the romnn" H 1 App®ndix A- Table 4~1 presents a summary of 
the compounds detected in the soil samples and their frequency 
of occurrence. Figure 4-1 shows the arsenic concentrations at the sampling nodes. 

Arsenic was detected in 83% (90/108) of the surface soil samples 
m concentrations ranging from 0.43 to 650 mg/kg (three were 
rejected). Twelve of the samples had arsenic concentrations 
greater than 50 mg/kg. Twenty-five samples had arsenic 
concentrations greater than 20 mg/kg. 

Elevated arsenic concentrations were seen in the former chicken 
coop area by EW-14, along the plant road between the chicken 
coops and the lagoon area, in the lagoon area, and in the clear­
ing by well cluster EW-15. These are areas where contamination 
Dlant- Thp6 a • °?i the past °Peratin9 practices at the 
3 u ^ arsenic soil concentrations were either very low or 

undetected throughout most of the low-density sampling grid 
except for the clearing near EW-15. The surface soils which 
rrthi^^ring^ ̂  ̂  in th6 P9St' ̂  stockpiled 

Mercury was detected in 44% (11/25) of the samples at concentra-
hlahpr^h91119 °? S'} t0 11,3 mg/kg- These concentrations were 
higher than expected based on the past information available. 

theCIsuPrVaVcee °\ the arsenic and mercury ocurrences in 
the surface soils are shown m Table 4-2 and in Fiqure 4-2 
These show that in both cases the majority of the samples had 
CONCENT RATIONŜ 10"3' 3 "S 

Other inorganics detected included aluminum, calcium, iron 
magnesium, nickel, potassium, sodium, and zinc. All of these 
TSJSls ^.bl'e 4W?at !,' CGnsidered to be normal background 5- ~ Provides a listing of the normal background 
Tprspv t t1ons of metals in United States sandy soils and in New < Jersey Lakewood series soils. H 

2 
inclu(3e chloroform, methyl chloride, butyl ° 

• phthalate' bis(2-ethylhexyl)-phthalate, 4-4-DDT and ° 
aid af1?' general the organics were found only sporadically and at low concentrations. ^iaun,dny 

o U1 OJ 
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TABLE 4-1 

SUMMARY OF CHEMICALS DETECTED 
IN SOILS 

SURFACE SOILS 

COMPOUND 
NO. OF 
OCCUR. 

** Class: VOLATILES (ppb) 

Methylene chloride 
Chloroform 

** Class: MA (ppb) 

Diethylphthalate 
Butyl benzyl phthalate 

**Class: PEST/PCB (ppb) 
Dieldrin 
4,4-ODT 

**Class: INORGANICS (ppb) 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

SUBSURFACE SOILS 

** Class: VOLATILES (ppb) 

Methylene chloride 
Acetone 
Carbon disulfide 
1/1-Dichloroethene 
Chloroform 

7956b 

NO. OF 
ANALYSES 

MINIMUM 
DETECTED 
CONCEN­
TRATION 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 

1 32 5.2 5.2 1 2 32 2 6 1 

1 25 370 370 0 2 25 760 840 0 
12 25 45 180 12 

1 25 39 39 0 2 25 20 39 0 

25 25 766 3260 0 90 111 0.43 650 53 25 25 2.3 12 25 25 25 43 1150 25 6 25 4 13 1 9 25 3 45 7 25 25 1230 4490 0 16 25 2 12 3 23 25 46 197 23 25 25 4.6 35 25 11 25 0.1 11.3 0 7 25 8.8 26.4 5 7 25 388 538. 7 20 25 54 244. 20 2 25 6.6 8.4 2 20 25 5.6 33. 11 

21 67 1 113900 2 67 60 270 
3 67 8 45 
1 67 16 16 
5 67 1 3 

NO. OF NO. OF 
ESTIM. REJECTED 
VALUES VALUES 

30 
4 

7 
0 
0 
1 
5 

1 
1 
1 

3 
3 

0 
3 
0 
0 
.1 
0 
0 
5 
0 
0 
0 
0 
0 
0 
0 
2 

34 
51 
C 
C 
] 

< H 2 
o o 

O U1 
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TABLE 4-1 (Cont'd) 

SUMMARY OF CHEMICALS DETECTED 

SUBSURFACE SOILS 
VOLATILES (CONT'D) 

COMPOUND 

2-Butanone 
Trichloroethene 
Benzene 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Te t r ach lo r oe thene 
1,1,2,2-Tetrachloroethane 
Toluene 

**Class: BNA (ppb) 

Benzoic acid 
Diethylphthalate 
Di-n-Buthylphthalate 
Benzo(a)Anthracene 
Bis(2-ethylhexyl)ph thalate 
Chrysene 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 

**Class: PEST/PCB (ppb) 

Beta-BHC 
Endosulfan I 
4-4-DDE 
Endrin 

**Class: INORGANICS (ppn) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 

IN SOILS 

MINIMUM MAXIMUM 
DETECTED DETECTEI NO. OF NO. OF CONCEN- CONCEN­OCCUR. ANALYSES TRATION TRATION 

2 67 27000 285560 
1 67 32 32 4 67 2 52 
2 67 1 2 1 67 5 5 
1 67 6 6 2 67 12 80 
1 67 3 3 10 67 5 3470 

1 67 160 160 2 67 60 480 
4 67 330 560 1 67 160 160 
15 67 40 1500 1 67 200 200 
1 67 460 460 1 67 550 550 

3 65 13 17 
1 65 8.2 8.2 
1 65 0.18 0.18 3 65 0.33 2.9 

NO. OF NO. OF 
ESTIM. REJECTED 
VALUES VALUES 

66 67 145 5760 2 67 35 39 165 328 0.581 482 32 67 1 40 5 67 0.2 0 4 67 0.6 1 34 67 30 891 46 67 2.4 34 4 67 3.4 14 14 67 1.8 24 53 67 472 25900 28 67 1.2 23 

2 
0 
2 
2 
1 
1 
0 
1 
3 

1 
2 
4 
1 
8 
1 
0 
0 

1 
1 
1 
3 

27 
0 
57 
32 
5 
4 
34 
22 
3 
10 
0 
5 

11 
0 
0 
0 
0 
0 
0 
0 
4 

1 
1 
21 
1 
15 
1 
1 
1 

1 
1 
1 
1 

0 
0 
8 

17 
0 
0 

14 
< H 3 
o o 
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TABLE 4-1 (Cont'd) 

SUMMARY OF CHEMICALS DETECTED 
IN SOILS 

MINIMUM 
DETECTED 

SUBSURFACE SOILS 
INORGANICS (CONT'D) 

NO. OF NO. OF COMPOUND OCCUR. ANALYSES 
Magnesium 11 67 Manganese 52 67 Mercury 7 67 Nickel 6 67 
Potassium 9 67 Selenium 3 67 
Silver 8 67 Sodium 13 67 Vanadium 24 66 Zinc 54 62 

BUILDING #9 SOILS 

MAXIMUM 
DETECTED 
CONCEN-

**Class: VOLATILES (ppb) 

Methylene chloride 
Acetone 

Toluene 

**Class: BNA (ppb) 

Di-n-Butylphthalate 

**Class: INORGANICS (PETTI) 
Aluminum 
Arsenic 
Barium 
Chromium 
Iron 
Lead 
Manganese 
Sodium 
Vanadium 
Zinc 

49 
1.9 
0.1 
6.3 

104 
0.6 
2.4 
44 
1.9 
2.8 

282 
63 
1.2 
19 
940 
10 
4.1 

4890 
26 
49 

4 11 7 • 31 1 11 15000 15000 
1 11 3 3 

5 11 97 690 

11 11 453 2223 12 26 7.50 1921 11 11 1 4 7 11 2 5 10 11 1005 2293 1 11 3.8 3.8 
11 11 2 10 10 11 ' 533 2798 11 11 2.1 5.2 11 11 6 48 

NO. OF NO. OF 
ESTIM. REJECTED 

11 
32 

0 
5 
8 
0 
8 

12 
22 
21 

0 
0 

11 
0 
11 
4 
0 
0 
10 
9 
10 

6 

15 
9 
13 
0 
10 
0 
0 

13 
1 
5 

7 
10 

0 

0 
14 
0 
0 
1 
0 
0 
1 
0 c 

< H 2 
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'triable: Arsenic Surface Soil 

sample size 108 
Overage 27.8675 
Median 2.565 
Mode 0.295 
Geometric mean 4.06838 
Variance 7487.22 
Standard deviation 86.5287 
Standard error 8.32623 
Minimum 0.29 
Maximum 650 
lange 649.71 
lower quartile 1 
Upper quartile 14.4 
Interquartile range 13.4 
Skewness 5.41995 
Standardized skewness 22.9949 
Kurtosis 32.347 
Standardized kurtosis 68.6183 

Variable: Mercury Surface Soil 

Sample size 25 
Average 1.0792 
tedi an 0.05 
Mode 0.05 
Geometric mean 0.121682 
Vari ance 9.25152 
Standard deviation 3.04163 
Standard error 0.608326 
Minimum 0.05 
Max i mum 11.3 
lange 11.25 
lower quartile 0.05 
Upper quartile 0.1 
Interquartile range 0.05 
Skewness 3.08952 
Standardized skewness 6.30646 
Kurtosis 8.57679 
Standardized kurtosis S.75365 

TABLE 4-2. Descriptive statistics of arsenic and mercury detected in surfac 
soil sarnies. Sample size includes only acceptable analyses. For purpose • 
these analyses, values of undetected samples were assumed to be equal to ha 
the detection values. 

7956b 4-6 



APSENIC: SURFACE SOIL DISTRIBUTION 
100 

7> 

m 
0 JL _L J 
0 200 400 
MT/W CI»ET=90 

600 600 
<CDL=i6] 

SURFACE SOIL DISTRIBUTION 

FT BA.IMI.,.1 
0 2 4 6 

_L \mmn 

HG/KG 
8 10 12 

IDET«11 <CDL=14] 

FIGURE 4-2. Distribution of arsenic and mercury concentrations in surface 
soil samples. The number of samples below detection limits (n) are noted as 
CDL - n, and DET = number of values above the detection. 
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4.2 SUBSURFACE SOILS 

Soil borings were conducted at approximately 20% of the surface 
soil sampling nodes. The soils were sampled at two-foot 
intervals to the water table. Seventy-five percent of these 
samples were analyzed for total arsenic, while 25% were analyzed 
for HSL organics and inorganics. Soil samples were also taken 
from the monitoring well borings. Samples were obtained at 
2-foot intervals to the water table and at 10-foot intervals 
thereafter, and analyzed for total arsenic. In addition, one 
soil sample was obtained from each well screen setting and 
analyzed for HSL organics and inorganics. 

The ^ analytical results of these samples are presented in 
Sections III and IV of Appendix A. The arsenic concentrations 
in the soil borings are presented in Figures 4-3 and 4-4. The 
arsenic concentrations in the monitoring well soil samples were 
presented previously in Figures 2-8a through 2-8n. Table 4-1 
presents a summary of the compounds detected in the subsurface 
soil samples. 

Only a few of the soil boring samples displayed elevated arsenic 
concentrations. These borings were in the lagoon area, along 
the plant road, in the chicken coop area by EW-14, and in the 
clearing by EW-15. These are the same locations where surface 
soil arsenic contamination was observed. In general, when 
contamination was observed, it was highest at the surface and 
decreased with depth. 

The majority of the soil borings displayed low or undetected 
arsenic concentrations. This applies to virtually all of the 
low-density sampling grid borings with the exception of SB-22, 
which is in the clearing by EW-15. Low or undetected arsenic 
concentrations were also seen in the majority of the high-
density grid borings, even those in the lagoon area. It appears 
that the arsenic soil contamination is a fairly localized 
phenomenon. 

Figures 2-8a through 2-8n displayed the arsenic concentrations 
from the monitoring well soil samples. These figures show that 
the soils below the water table generally had very low arsenic 
concentrations. Well cluster EW-l, across the Blackwater Branch 
from the site, had undetected arsenic concentrations throughout 
its depth to approximately 110 feet. The same is true of 
cluster EW-12, known to be upgradient of the site. Cluster 
EW-9, also upgradient of the lagoon area, had very low arsenic 
concentrations below the water table but had noticeable 
concentrations above the water table. This may be due to the < 
surface application of arsenic containing herbicides at this a 
location, or to past operating practices at the plant. 

o o 

M O 
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When arsenic was observed in the soils below the water table it 
was generally near the top of the banded zone. Elevated arsenic 
concentrations near the banded zone were observed in clusters 
EW-2, EW-4, EW-5, EW-6, EW-8, EW-11, and EW-13. In all of these 
instances, the arsenic concentrations below the water table but 
shallower than the banded zone were very low or undetected Thp 
only cluster which displayed elevated arsenic concentrations 
throughout the boring to the top of the banded zone was EW-7 
In general, very little arsenic was detected in the soils below 
the banded zone, with only isolated hits seen in cluster EW-7. 

Table 4-1 displays the frequency of occurrence and maximum and 
minimum concentrations of compounds detected in the subsurface 
soil samples. Several volatile organics were detected frequently 
and/or at high concentrations. Methylene chloride was detected 
M"^^2^33 samPles and rejected in an additional 34 samples. 
Methylene chloride was rejected in 26/68 of the field and trip 
blanks and was found in concentrations in blanks up to 1000 ug/1 
Although methylene chloride was detected at high concentrations 
(up to 113,900 ug/kg) this is probably due to field and/or trip 
contamination. The compound 2-butanone was detected in 13 out 
of 56 samples, but 11 of the detections were rejected. In the 
two cases where the compound was not rejected, the concentrations 
were high and were flagged as estimated (27,000 ug/kg at EW-2D 
at 100 feet and 285,560 ug/kg at EW-9M at 69 feet). Therefore 
alr of the 2-butanone detections were considered suspicious, 
particularly since this is a common laboratory contaminant. 
Toluene was detected in 10/63 samples at concentrations ranginq 
from 5 to 3470 ug/kg. Toluene is a common laboratory 
contaminant, as are methylene chloride and 2-butanone 
Therefore none of these compounds were considered in detail. 

Most semivolatiles and pesticides/PCBs were detected infre­
quently at low concentrations with the exception of bis(2-ethvl-
hexyl)phthalate (BEHP). BEHP was detected in 29% (15/51) of the 
?cnnUrfaf,e soil samples at concentrations ranging from 40 to 
1500 ug/kg. BEHP is a common laboratory contaminant, and is 
commonly observed at hazardous waste sites. 

4.3 OFF-SITE SOILS 

Soils were sampled from 13 locations surrounding the plant 
site. The locations are shown in Figure 4-5 with the results presented in Table 4-4. 

The samples were taken to address the possibility of windblown 
soil contamination. Some of the samples were taken in the 
backyards of certain residents, while others were obtained in wooded areas adjacent to the plant. uuLcxueo in 

H 
The results showed that there were generally low arsenic 2 

samole S°ilS' The "caption to this was 
?n Finnro a V concentration of 78 mg/kg. As shown 2 
in Figure 4-5, this sample was taken close to the clearing by 

8r E.W~15' where soils stripped from the manufacturing M area were previously dumped. o CRI 
4-12 6835b 
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• SOIL SAMPLING LOCATIONS 
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FIGURE 4-5 
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TABLE 4-4 
RESIDENTIAL SURFACE SOIL SAMPT.FC; 

ARSENIC CONCENTRATIONS 
SAMPLE CLP SAMPLE DATE ID ID SAMPLED 
ISS-1 3097B-150 

WI" * *- j—1 "" 

7/10/87 ISS-2 3097B-151 7/10/87 ISS-3 3097B-152 7/10/87 ISS-4 3097B-153 7/10/87 ISS-5 3097B-154 7/10/87 ISS-6 3097B-155 7/10/87 ISS-7 3097B-156 7/10/87 ISS-8 3097B-157 7/10/87 ISS-9 3097B-158 7/10/87 ISS-10 3097B-159 7/10/87 ISS-11 3097B-160 7/10/87 ISS-11A 4288B-056 11/17/88 ISS-11B 42 88B-057 11/17/88 ISS-11C 4288B-058 11/17/88 
ISS-12 3097B-161 7/10/87 ISS-13 3097B-162 7/10/87 ISS-13 DUP 3097B-163 7/10/87 

EXPLANATION OF CODES 

ARSENIC 
(MG/KG^ 

2 
0, 
1. 
1, 

U 
J 
J 

12.0 
2.5 
2 
2 
1 
0 

78 , 
1, 
0. 
0. 
7. 
0. 
1. 

J 
J 
J 
J 

2 
1 
3 
9 
0 
4 J 
73 J 
72 J 
1 
8 U 
2 J 

J - ESTIMATED VALUE 
B - COMPOUND FOUND IN BLANK 
- DETECTED AT CONCENTRATION SHOWN 

U - UNDETECTED AT GIVEN INSTRUMENT DETECTION LIMIT 
R - NOT REQUIRED FOR ANALYSIS 
X - REJECTED VALUE 
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Because of the high concentration at ISS-11, additional samples 
were obtained in November 1988. These samples are shown as JSSIu1A' ISS-11B' and ISS-11C in Figure 4-5. They were taken 
farther away from the soil dump area in undeveloped woodlands. 
These samples had very low arsenic concentrations. 

The off-site soil data show that there has been very little to 
no off-site soil contaminant migration. This is consistent with 
the data from the site, where elevated arsenic concentrations 
were seen only in areas of known past contamination or where 
arsenic was applied directly to the soil surface. 
4.4 GROUNDWATER 

Groundwater samples were obtained from the 36 monitoring wells 
installed by Ebasco, 11 existing ViChem monitoring wells, the 
plant's production well, and the deep monitoring well installed 
by Hart in the lagoon area. Two rounds of groundwater samples 
were obtained. All samples were analyzed for dissolved arsenic 
HSL inorganics (unfiltered), HSL volatiles, and pesticides/ 
PCBs. In addition, 25% of the groundwater samples were analyzed 
for acid base/neutral extractable organics. The analytical 
results for all of these samples are presented in Section V of 
Appendix A. Table 4-5 displays the frequency of occurrence, and 
the maximum and minimum values for all of the compounds detected. 

The principal contaminant in the groundwater is arsenic. Other 
contaminants included cadmium, lead and trichloroethene. Table 
4-6 gives statistical information on these parameters, while 
Figure 4-6 presents frequency of occurrence diagrams for them. 

Arsenic was found primarily in the upper sand. Concentrations 
ranged from undetected at upgradient wells EW-9S, EW-12S, and 
o^n1AnnaCr°SS -the Blackwater Branch from the site, to ' over 
350,000 ug/1 m the medium well in the EW-4 cluster (EW-4M) . 
rattle arsenic was seen in the deep wells Ebasco installed 
at the base of the middle sand or in the ViChem production well, 
the Hart well, or EW-5D, all screened in the lower sand. 

FugVyS 4-7 disPlays the average arsenic concentrations in the 
shallow wells from the two rounds of groundwater samples. 

in thls figure are all of the shallow wells installed 
by Ebasco and the ViChem monitoring wells. This figure shows 
three arsenic maxima. One of the maxima is in the northern 
portion of the lagoon area near the lined concrete lagoon and 
wells MW-9, MW-10, MW-11, and EW-8. Shallow arsenic 
concentrations here are as high as 6,000 ug/1. The second 
maximum is near the chicken coops at the southwestern end of the 
property, where concentrations are as high as 5,000 ug/1. The 
mflih narea AS fĉ e clearin9 by EW-15. Concentrations here are 
much lower than in the other areas, approximately 260 ug/1. By 
contouring the data it appears that the contamination is 
spreading to the north and northwest. 
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TABLE 4-5 
SUMMARY OF CHEMICALS DETECTED 

IN GROUNDWATER 

SHALLOW GROUNDWATER 

COMPOUND 

**CLASS: VOLATILES 

METHYLENE CHLORIDE 
1,1-DICHLOROETHANE 
CHLOROFORM 
1,1,1-TRICHLOROETHANE 
TRANS-1,3-DICHLORO-
PROPENE 

TRICHLOROETHENE 
BROMOFORM 
TEIRACHLOROETHENE 
1,1,2,2-TETRACHLORO-
ETHANE 

ETHYLBENZENE 
TOTAL XYLENES 

**CLASS: BNA 

DIETHYLPHTHALATE 
DI-n-BUTYLPHTHALATE 
BIS[2-EHTYLHEXYL] 
PHTHALATE ' 

DI-n-OCTYL PHTHALATE 

**CLASS: PEST/PCB 

BETA-BHC 
GAMMA-BHC 
HEPATCHLOR 
ENDOSULFAN I 
4-4-DDT 
ENDRIN KETONE 

**CLASS: INORGANICS (ppm) 

NO. 
OF 
OCCUR. 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 

53 
13 
93 
34 
1 

NO. 
OF 

ANALYSES 

MINIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

NO. NO. 
OF OF 
EST. REJECTED 
VALUES VALUES 

1 59 10 10 0 18 1 59 2.7 2.7 1 3 1 59 1 1 1 7 9 • 59 1.4 17 7 3 1 59 43 43 0 2 
11 59 1.3 1600 1 5 1 59 2.2 2.2 1 2 4 59 0.5 4 4 5 1 59 9.3 9.3 0 2 
2 59 0.5 0.6 1 3 4 59 1.8 3.4 3 2 

1 14 4 . 4 1 6 1 14 0.4 0.4 0 0 5 14 1.7 5.8 2 5 
1 14 2 2 1 0 

1 56 0.09 0.09 0 6 7 56 3 13 0 6 1 56 12 12 0 8 1 56 0.557 0.557 0 6 1 56 0.23 0.23 0 9 3 56 0.03 0.21 0 10 

60 
60 
114 
60 
60 

33 334000 16 1 58 10400 3 18 
2.100 26900 11 9 
3 26900 33 0 4 4 1 0 

< M Z 
o o 
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TABLE 4-5 (Cont'd) 
SUMMARY OF CHEMICALS DETECTED 
~ IN GROUNDWATER 

SHALLOW GROUNDWATER 
NO. 
OF 

COMPOUND OCCUR. 

CADMIUM 32 
CALCIUM 59 
CHROMIUM 4 
COBALT 4 
COPPER 22 
IRON 56 
LEAD 9 
MAGNESIUM 59 
MANGANESE 60 
MERCURY 14 
NICKEL 18 
POTASSIUM 48 
SELENIUM 3 
SILVER 1 
SODIUM 58 
VANADIUM 2 
ZINC 49 

INTERMEDIATE GROUNDWATER 

NO. 
OF 

COMPOUND OCCUR. 

**CLASS: VOLATILES 

ACETONE 7 
CARBON DISULFIDE 27 
1,1 -DICHLOROETHANE 28 
CHLOROFORM 27 
1,1/1-TRICHLOROETHANE 28 
CARBON TETRACHLORIDE 29 
TRICHLORDETHENE 30 
BENZENE 24 
TETRACHLOROETHENE 28 

**CLASS: BNA 

NO. 
OF 

ANALYSES 

MINIMUM 
DETECTED 
CONCEN­
TRATION 
(PPB) 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

NO. NO. 
OF OF 
EST. REJECTED 
VALUES VALUES 

60 4 457 8 4 60 605 11700 52 0 60 14.4 399 1 0 60 9.4 90 3 0 60 19.7 3050 12 0 60 6.02 430000 8 3 60 2.9 3010 6 25 60 180 8450 57 0 60 21 1710 23 0 60 0.25 13.2 1 3 60 7.4 368 15 22 60 532 8140 43 0 60 1.9 376 2 9 60 51 51 0 0 60 1140 58000 12 1 60 12.6 567 1 0 60 19.3 686 19 5 

MINIMUM MAXIMUM 
DETECTED DETECTED NO. NO. NO. CONCEN­ CONCEN­ OF OF OF TRATION TRATION EST. REJEC ANALYSES (PPb) (PPb) VALUES VALU] 

31 
31 
31 
31 
31 
31 
31 
31 
31 

170 
17 
2.4 
1 
2 
2 
1 
1.3 
0.2 

180 
17 
2.4 
6.7 
3 
2 

260 
8 
0.2 

0 
0 
2 
5 
7 
1 
6 
3 
1 

23 
3 
2 
3 
2 
1 
0 
5 
1 
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TABLE 4-5 (Cont'd) 

SUMMARY OF CHEMICALS DETECTED 
INTERMEDIATE GROUNDWATER 

NO. 
OF 
OCCUR. COMPOUND 

DIETHYLPHTHALATE 
IDENO[1,2,3-CD]PYRENE 

**CLASS: PEST/PCB 

GAMMA-BHC 
HEPATCHLOR 
ENDOSULFAN I 
4-4-DDD 
4-4-DDT 
ENDRIN KETONE 
AROCHLOR 1254 

**CLASS: INORGANICS (ppm) 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
ZINC 

DEEP GROUNDWATER 

21 
1 
39 
15 
10 
31 
4 
2 

12 
26 
9 
31 
29 
0 
3 
29 
5 
1 
31 
27 

CLASS: VOLATILES 

ACETONE 
CHLOROFORM 
CARBON TETRACHLORIDE 

7956b 

5 
16 
17 

NO. 
OF 

ANALYSES 

19 
19 
19 

MINIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

NO. NO. 
OF OF 
EST. REJECTED 
VALUES VALUES 

1 12 2 2 1 0 1 12 20 20 0 0 

1 27 6 6 1 3 1 27 0.584 0.584 0 2 2 27 0.765 1.857 1 0 1 27 0.038 0.038 1 1 2 27 0.53 1.06 1 3 5 27 0.02 0.37 1 1 2 27 2.1 17 0 0 

31 94 5070 11 1 31 62 62 0 6 62 4.4 394000 8 10 31 9.3 155 15 0 31 6.4 9580 0 3 31 1100 9950 23 0 31 92 14.8 2 0 31 16 18 2 0 31 17 82 10 0 31 388 38600 9 5 31 3 110 1 10 31 438 3400 31 0 31 22 986 12 2 31 0.2 0.2 0 2 31 14 37 3 21 31 534 14000 . 21 0 31. 1.5 13 3 8 31 60 60 0 0 31 2620 432000 12 0 31 19.1 72 8 0 

24 
2 
1.9 

24 
2 
1.9 

0 
1 
1 

12 
1 
0 

< H 25 

O 
o y-' 
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TABLE 4-5 (Cont'd) 
SUMMARY OF CHEMICALS DETECTED 

IN GROUNDWATER 

COMPOUND 

DEEP GROUNDWATER 

** CLASS: BNA 

BIS(2-ETHYLHEXYL) 
PHTHALATE 

** CLASS: PEST PCB 

NO. 
OF 
OCCUR. 

NO. 
OF 

ANALYSES 

19 

MINIMUM 
DETECTED 
CONCEN­
TRATION 
(PPb) 

2.4 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 
(ppb) 

NO. NO. 
OF OF 
EST. REJECTED 
VALUES VALUES 

2.4 

4-4-DDT 
ENDRIN KETONE 

10 
10 

19 
19 

0.38 
0.12 

0.38 
0.28 

0 
0 

5 
5 

** CLASS: INORGANICS 

ALUMINUM 15 19 495 4580 3 2 ANTIMONY 15 19 330 330 0 2 ARSENIC 27 38 4 34 6 7 BARIUM 17 19 26 280 12 0 CADMIUM 16 19 4.9 4.9 1 1 CALCIUM 17 19 708 57900 12 0 CHROMIUM 17 . 19 14 36.4 1 0 COPPER 17 19 52.6 82.9 3 0 IRON 10 19 470 4970 3 7 LEAD 12 19 3.6 99.3 4 5 MAGNESIUM 17 19 180 3860 16 0 MANGANESE 16 19 11 93.8 8 1 MERCURY 16 19 0.26 0.26 1 1 NICKEL 8 19 35 67 2 9 POTASSIUM 17 19 605 52700 10 . 0 SILVER 17 19 7 7 1 0 SODIUM 17 19 4540 236000 6 0 ZINC 17 19 21 78.1 3 0 

< H ZI 

7956b 4-19 

O O H* 
W 
O 
-J 
I-1 



Variable: Arsenic Groundvatir Vari able: Tricnioroethene Groundwat 
Sample size 
Average 
Median 
Mode 
Geometric mean 
Vanance 
Standard deviation 
Standard afror 
Minimum 
Max i mum 
Sange 
Lower quartile 
Upper quartile 
Interquartile range 
Skewness 
Standardized skewness 
Xurtosis 
Standardized kurtosis 

153 
10200.1 

394 
2 

280.756 
2.6522319 

51499.8 
4163.52 

0.75 
394000 
393999 

32.1 
2790 
2757.9 

6.42863 
32.463 
41.4315 
104.61 

Sample size 
Average 
Medi an 
Mode 
Geometric mean 
Vari ance 
Standard deviation 
Standard error 
Mi ni mum 
Max i mum 
tange 
lower quartile 
Upper quartile 
Interquartile range 
Skewness 
Standardized skewness 
Kurtosi s 
Standardized kurtosis 

79 
31.6734 
2.5 
2.5 
3.84024 

33350.4 
182.621 
20.5465 
1 

1600 
1599 

2.5 
2.5 
0 
8.36236 
30 . 34 36 
72.2352 

131.056 

Variable: Lead Groundwater Variable: Cadmium Groundwater 
Sample size 54 Sample size 82 
Average 64.0343 Average 278.578 
Medi an 1.45 Medi an 4.3 Mode 1.45 Mode 2 Geometric mean 3.57929 Geometric mean 8.85473 Vari ance 167182 Variance 2.16673E6 Standard deviation 408.879 Standard deviation 1471.98 Standard error 55.6414 Standard error 162.553 Minimum 1.45 Minimum 2 Max i mum 3010 Max i mum 9580 Sange 3008.55 lange 9578 Lower quartile 1.45 Lower quartile 2 Upper quartile 4.5 Upper quartile 17 Interquartile range 3.05 Interquartile range 15 Skewness 7.32536 Skewness 6.21857 Standardized skewness 21.9761 Standardized skewness 22.9891 Xurtosis 53.7656 Xurtosis 37.8597 Standardized kurtosis 80.6484 Standardized kurtosis 69.9807 

TA^-E 4"J6, DescriPtive statistics of arsenic, trichloroethene 
cadmium detected in groundwater (shallow and intermediate derthwells) 
Smple size includes only acceptable analyses. ForThe potPotes of 
detection valves^ °f Undetected samples were assumed to equal to half the 
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ARSENIC: GROUNDWATER PISTFIBUTION 
[SHALLOW & INTERMEDIATE UELLSj 

UM. IMA, 

T^/CHLOROETHENE: GROUNDWATER PI STPIBUTI 01j 
C SHALLOW ft INTIKMID1ATX WILLS} AO — *" L 

60 

40 

20 

12 16 
UWA IN=21 <CI>L=563X 100) 

LEAP: GROUNDWATER PI STPI BUTI ON 
I SHALLOW £ INTERMEDIATE WELLS] AO _ CADMIUM: GROUNDWATER DISTRIBUTION 

TSHALLOW FT IMX*NTPIHTI WILLS} RN p. 
" *  &  VA va 
60 

0 • ' I • I I X X o 0.2 0.4 0.6 
J 

UC/L tN-42 <CPL-40310000) 

FIGURE 4-6. DISTRIBUTION OF ARSENIC, TRICHLOROETHENE iMRI 
GROUNDWATER (SHALLOW AND INTERMEDIATE DEDTH iSfi if nv ' ̂  ̂CURY 
BELOW DETECTION LIMITS(N) ARETTED AS SL - T \ \\, TH\NUMBER OF *»1>1 
ABOVE THE DETECTION LIMIT. CDL - AND N = THE NUMBER OF VALU 
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Figure 4-8 shows the average arsenic concentrations in the 
medium wells installed by Ebasco. While this figure shows that 
the estimated plume is smaller, the concentrations are higher in 
some places. For example, the concentration in the medium well 
in the EW-4 cluster is over 300,000 ug/1 while the concentra-

in̂  medium well in the EW-7 cluster is almost 15,000 
* contaminatlon in the medium wells is observed north and northwest of the plant. norm 

Figure 4-9 shows the average arsenic concentrations in the deep 
the h«P fSef!ell%ir,e 311 installed below banded zone at 
the base of the middle sand. The arsenic concentrations are 
Thry,q undetected. The highest average concentration is at 
the deep well in the EW-15 cluster, an estimated 17 ug/1. 

These figures combine to show a significant plume of arsenic 
contamination in the shallow groundwater. The upper sand 
aquifer has arsenic contamination to its base at the banded 

min1a1tl°n lS feen at the top of the uPPer sand from 
t e shallow wells and at the base of the upper sand from the 

H6H There 1S very little arsenic contamination below 
the banded zone in any of the wells in the middle or lower sands. 

Wells in the EW-1, EW-9, and EW-12 clusters all display 
undetected arsenic concentrations. Clusters EW-9 and EW-12 are 
known to be upgradient of the lagoon area. Cluster EW-1 is in 
BI i, 4.eC « °f the contaminant plume, but it is across the 
Blackwater Branch from the site. Cluster EW-2 is in 
approximately the same line from the lagoon area as EW-1, but 
FWJ same side of the Blackwater Branch as the site. 
EW 2 displays significant contamination at the top and base of 
the upper sand. There is an upward hydraulic gradient between 
the upper sand from both EW-1 and EW-2. All of the above are 
interpreted to indicate that groundwater contamination in the 
Branch ̂ and ̂  h^0.*33*317 i.n0i crossin9 underneath the Blackwater Branch, and probably instead discharges into this stream. 

The cadmium concentrations in the shallow and medium wells are 
therp"* in .^igures 4-10 and • These figures show that 
there is significant cadmium contamination in the groundwater in 
the upper sand. High concentrations are observed north of the 
lagoons, in the old chicken coop area by EW-14, and in the 
medium well in the EW-4 cluster. The cadmium plume has the same 
basic configuration as the arsenic plume. 

While elevated cadmium concentrations are observed in the 
shallow groundwater, no cadmium was detected in any of the soil 
A 1//NO"N- HOWEVER, THAT VICHEM PREVIOUSLY PRICED a cadmium-based herbicide, ViCad. pruuucer 

H 
leadr triahinrn^ found fre(iuently in the groundwater include * lead, tnchloroethene, and various pesticides. Figures 4-12 and ° 
varioifs locations.1Chl0r0ethene ̂  concentrations • « ? 
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Figure 4-6 and Table 4-6 present various statistical analyses of 
the occurrence of arsenic, trichloroethene, lead and cadmium in 
the groundwater. Figure 4-6 shows that the majority of the hits 
for all of these contaminants occurred at the low end of the 
concentration ranges. 

The concentrations of arsenic and cadmium in many of the 
groundwater samples were higher during the second round of 
sampling than the first. The reason for this is unknown. It is 
possible that this resulted from there being very little 
?a£S ? between the two sampling events in July and September, 
1987 (see Figures 3-24 through 3-27). 

Prior to obtaining groundwater samples, the monitoring wells 
were purged The pH, temperature, and specific conductance of 
the groundwater was measured after purging each well volume, and 
at the end of purging. The final volume values for these 
parameters are presented in Table 4-6a. 

The pH for the wells ranged between 4.5 and 8.4. The specific 
conductance was generally very low, often less than 100 
umhos/cm. Well EW-4M had the highest specific conductance 
approximately 2200 umhos/cm. This well also displayed the 
highest arsenic concentration. The generally low specific 
conductance values were supported by the high ground resistivity 
data seen in the geophysical investigation. These values 
indicate that the groundwater contains few dissolved salts. 

The New Jersey Water Resources Data Report for the 1986 water 
ZfvinC T,eS water quality data for three wells in Cumberland 
county. The specific conductance varied between 38 and 135 
umhos/cm and the concentration of most dissolved constituents 
was low. The data from the site wells are consistent with this, 
except where arsenic contamination increases the dissolved 
solids concentration in the groundwater. 

4.5 BUILDING #9 INVESTIGATION 

throuah0iSR b2°qringSr We4re1iC°ndUCted inside Buildin9 #9, SB-25 
through SB 29. Crystalline arsenic wastes were reportedly 
"̂oast °" T°ĥ °£-the SOil? bel0W the fl00r 0£ thls building in 

tne Past. This is one of the production buildings for the 
plant. The locations of the borings are shown in Figure 4-14 

Samples were taken every two feet to the top of the water table 
approximately eight to ten feet below the base of the floor' 
Samples were analyzed for total arsenic. In addition - sor ^ 
samples were analyzed for HSL organics and inorganics, and f, 3 
EP toxicity metals. The analytical results are presented 2 
Appendix A and are shown in Figure 4-14. o o 

!r/ •' many the arsenic results were rejected in t 
that Irii °n process\ The results that are available sugge M 

arsenic concentrations are very high beneath the floor o 
CO NJ 
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this building. The detected concentrations range from 
approximately 8 to 1,921 mg/kg. Concentrations in SB-29 are 
higher at the top of the soil column than closer to the water 

?ho%1bUildiJlg^iSv, actively used in the manufacturing process 
floor of the building is composed of one layer of brick over 

approximately one foot of concrete, as mentioned in Section 2 
The layer °f brick is m good shape, with no obvious cracks or 
deterioration. Therefore the significance of arseni^ 
c o n t a m i n a t r o n  i n  t h e  s o i l s  b e l o w  t h e  f l o o r  r e l a t e s  t o t h e  
possible leaching of arsenic from the soils as the water table 
rises and falls. Percolation of rainfall should NOT pose a 
problem since the floor essentially provides a cap to prevent 
infiltration. As shown in the results of SB-29, significant 
arsenic contamination does exist at the top of the water table 
water table llk6ly plaCe to be contacted by a fluctuating 

4.6 CHICKEN COOPS 

One composite dust sample was taken from each of the four 
chicken coops located at or near the ViChem plant site These 
samples were analyzed for HSL inorganics. Table 4-7 presents a 
summary of the compounds detected, with the complete analytical 
esults for each sample provided in Section VI of Appendix A 
disrLmp'les.̂ 656̂ 6" the arS6niC concentrations found in the 

The principal inorganics found in the dust samples were arsenic 
cadmium, lead, mercury and zinc. The first four of these are 
known to have been used at the plant and were found in the soils 
or the groundwater. Coop #3, adjacent to the former outdoor 

in the southwest corner of the property, exhibited 
the highest concentrations of inorganics. This is the only COOD 
presently used to store chemicals, as outlined in Section 2. 
4.7 LAGOONS 

Water samples were taken from all of the lagoons presently used 
in the water treatment system. This includes the two lined 
lagoons, LL-l and LL-2, and the unlined lagoon UL-A. Sedimen? 
samples were also taken from UL-A. Recall that the lined 
lagoons store water to be treated, while the treated water from 
into UL-AmenNonpannf a?h no"rcontact cooling water are discharged 

UL A. None of the other lagoons on site are presentlv in 
fn™ h?Kev" a" °£ the lagoons were previously used to hold the 
formerly untreated process water. 

The water samples were analyzed for HSL organics and inorganics 
to? ars'enic^non TOC^^rt ThS seaiment samPles analyzed 
ALSO ̂ ATYVED11??; ÎV̂ THE' 
esults are presented in Section vu of Appendix A. The 
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TABLE 4-7 

SUMMARY OF CHEMICALS DETECTED IN 
CHICKEN COOP DUST SAMPLES 
' " mg/kg 

MINIMUM MAXIMUM 
DETECTED DETECTED NO. OF 

NO. OF NO. OF CONCEN- CONCEN- ESTIM. 
OCCUR. ANALYSES TRATION TRATION VALUES 

INORGANICS 

5 5 1680 3570 0 5 5 4.3 55 1 5 5 114 • 5120 0 5 5 22 277 0 2 5 1.1 1.1 0 5 5 1.2 125 0 5 5 17700 585000 0 5 5 4.6 83 0 4 5 2.3 13 2 5 5 18 285 0 5 5 6240 118000 0 5 5 23 289 0 5 5 1480 3090 0 5 5 138 567 0 5 5 0.73 12.2 0 4 5 20 108 0 5 5 1900 4590 0 4 5 0.16 0.7 4 2 5 4.3 4.7 0 5 5 822 8980 2 3 5 0.11 0.3 3 5 5 4.1 46 3 5 5 370 1100 0 
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compounds detected in the water samples are summarized in Table 
4-8. Figure 4-15 shows the arsenic concentrations in the lagoon 
sediment and water samples. 

Arsenic was rejected in the unfiltered analyses from the three 
samples in the unlined lagoon, and was detected at very low 
concentrations (4 ug/1) in the filtered analyses. Arsenic was 
detected at 11 ug/1 (unfiltered) and 8 ug/1 (filtered) in the 
second round of analysis from the unlined lagoon. Arsenic was 
detected at concentrations up to approximately 3,500 ug/1 in the 
water samples from the lined lagoons. 

Other inorganics were present in the lagoon water at 
concentrations not considered unusually high. The only organic 
found was BEHP, a common contaminant. 

Some arsenic was found in the sediment samples from the unlined 
lagoon. Arsenic was detected up to 185 mg/kg. The highest 
concentration of arsenic in one of the cores was seen at a depth 
of one to two feet below the sediment/water interface. iron 
concentrations varied with the arsenic concentrations, being 
higher where the arsenic concentrations were higher TOC 
concentrations ranged from 840 to 97,700 mg/kg. The grain size 
results showed that most of the sediment samples were composed 
of sand with very little fine material. 

The results from the lagoon samples show some contamination, but 
not the levels seen in some of the groundwater samples. Recall, 
however, that in the past ViChem discharged untreated process 
water into the lagoons and allowed it to percolate into the 
groundwater, and stored waste salts on site and allowed them to 
dissolve a.nd percolate into the groundwater. The effects of 
these previous releases are apparently still being seen in the 
groundwater beneath the site. 

Field water quality tests were performed on the water samples 
from the lagoons. These results are shown in Table 4-9 The 
PH's are low, approximately 5 S.U. The specific conductance 
results are also low as was observed in the groundwater. 

4.8 SURFACE WATER AND SEDIMENT 

Surface water and sediment samples were taken from the 
Blackwater Branch and the Maurice River to as far as 38.5 river 
miles downstream of the site as part of the overall ViChem site 
RI. The results of this sampling will be the focus of the River 
Areas and the Union Lake RI reports. The results of the 
sampling from the stations closest to the ViChem plant site are 
presented here to add completeness to the environmental fate and 
transport of arsenic off of the plant site. 

The surface water and sediment sampling locations are shown i 
Figure 4-16. Samples were taken from stations ER-4 and ER-3A i n  
Phase I, and from ER-4, ER-3A, and ER-3 in Phase .II. In phase 
I, sediment samples were analyzed for volatiles, HSL inorganics, 
and for arsenic, iron and TOC. Sediment samples were taken from 

in 
n 
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TABLE 4-8 
SUMMARY OF CHEMICALS DETECTED IN 

LAGOON WATER SAMPLES! 

COMPOUND 

** CLASS: BNA (ppb) 

BIS[2-ETHYLHEXY L]PHTHALATE 
**CLASS: INORGANICS (ppm) 

NO. OF 
OCCUR. 

ALUMINUM 4 ANTIMONY 2 ARSENIC 4 BARIUM 4 CALCIUM 4 CHROMIUM 1 COBALT 1 COPPER 5 IRON 3 MAGNESIUM 7 MANGANESE 7 MERCURY 4 NICKEL 1 POTASSIUM 5 SODIUM 4 VANADIUM 2 

NO. OF 
ANALYSES 

MINIMUM 
DETECTED 
CONCEN­
TRATION 

MAXIMUM 
DETECTED 
CONCEN­
TRATION 

NO. OF NO. OF 
ESTIM. REJECTED 
VALUES VALUES 

7 16 26 1 

7 279 4440 0 7 78 144 0 7 11 3600 0 7 34 64 4 7 450 6700 2 7 59 59 0 7 20 20 1 7 14 18 5 7 352 10100 0 7 790 • 4580 7 7 16 3750 0 7 0.2 1 0 7 121 121 0 7 360 5000 4 7 8230 20700 0 7 11 11 2 

0 
0 
3 
0 
3 
0 
0 
0 
4 
0 
0 
0 
4 
0 
3 
0 
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TABLE 4-9 

LAGOON WATER QUALITY 
FIELD TESTS 
PHASE II 

SAMPLE 
NUMBER DESCRIPTION 

FIELD TESTS 
TEMPERATURE (°C) pH Eh 

(S.U.) (MU) 
SPECIFIC 
CONDUCTANCE 
(umhos/cm) 

DISSOLVED 
OXYGEN 
(mg/1) 

LAG-1 Unlined Lagoon 
Near Discharge 

LAG-2 Unlined Lagoon 
Near Middle 

LAG-3 Unlined Lagoon 
South End 

22 

22.5 

22 

4.7 

4.8 

5.3 

+230 

+230 

+210 

125 

50 

35 

6.4 

5.2 

5.6 

< M 
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the top one foot of the sediment column. in Phase II, sediment 
samples were analyzed for arsenic, iron, TOC and grain size 
Sediment samples were taken from 0-1, 1-2, and 2-3 feet below 
the sediment/water interface. Phase I water samples were 
analyzed for volatiles and total and dissolved arsenic and 
iron. Phase II water samples were analyzed for dissolved 
arsenic and for HSL organics and inorganics. Table 4-10 
presents statistical analyses of the Phase II surface water 
analyses. The results of all of the sampling are presented in 
Appendix A. 

The sediment samples from the stations downstream from the site 
ER-4 and ER-3A, display significant arsenic concentrations. The 
highest surface concentration was approximately 3,700 mg/kg at 
?" A' ..The arsenic concentration at depth was even higher, 
6800 mg/kg, as shown in Appendix A. At the time the sediment 
samples were taken the beaver dam was still in place; therefore 
this sample was taken under approximately two feet of swampy 
water that used to occupy the Blackwater Branch flood plain. 

Significant arsenic concentrations were also observed in the 
surface water. The highest concentration was again seen at 
ER-3A, approximately 3,000 ug/1. ER-4 also displayed elevated 
arsenic concentrations in the range of 200 ug/1. This is 
sigmficantly above the Federal Primary Drinking Water Standard 
for arsenic, 50 ug/1. 

These results will be discussed in detail in the River Areas RI 
report for the site. It is important to note here that arsenic 
contamination is observed in the surface water and the sediment 
of the Blackwater Branch downgradient of the site. The 
groundwater data presented previously showed a significant 

Plume migrating off of the site towards the Blackwater 
Branch. As discussed previously, while the arsenic plume heads 

f plant toward well clusters EW-1 and EW-2, and 
disolav ^Ur 3f ® Wax.ter and sediments in the Blackwater Branch 
display significant arsenic contamination, no arsenic 
contamination was observed in well cluster EW-1. This cluster 
d't aCrh°SS ĥe, Blackwater Branch from the site. The available 
data show that arsenic contamination in the shallow groundwater 
apparently discharges into the Blackwater Branch and does not 
cross under the stream. 

4.9 SUMMARY 

and extent of the contamination, at the ViChem plant 
site can be summarized as follows: 

o Surface Soils - High arsenic concentrations were < 
°bf™a„,ln th® surface soils in the lagoon area, along £ 
t e plant road, near the destroyed chicken coops by 
cluster EW-14, and in the clearing by EW-15. All of o 
these are areas of known or suspected past 2 
contamination. The soils on the plant periphery 
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TABLE 4-10 

bUMflAK* Ur CHEMICALS DETECTED IN 
SURFACE WATER SAMPLES 

COMPOUND 

**CLASS: VOLATILES 

METHYLENE CHLORIDE 

**CLASS: BNA 
DI-n-BUTYLPHTHALATE 
BIS(2-ETHYLHEXYL]PHTHALATE 

NO. OF 
OCCUR. 

**CLASS: 
ALUMINUM' 
ARSENIC 
BARIUM 
CALCIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
-NICKEL 
POTASSIUM 
SELENIUM 
SODIUM 
ZINC 

INORGANICS 

MINIMUM MAXIMUM 
DETECTED DETECTED NO. OF NO. OF 

NO. OF CQNCEN- CONCEN- ESTIM. REJECTED 
MALYSES NATION (ppb) TRATION (ppb) VALUES VALUES 

1 3 4 4 

1 3 2 2 1 3 0.6 0.6 

2 3 332 506 6 6 4.8 6200 3 3 66 111 2 3 3600 5430 1 3 9.7 9.7 3 3 15 27 1 3 124 124 1 3 7.5 7.5 3 3 1650 2480 3 3 18.3 46 2 3 0.6 0.8 1 3 75 75 3 3 405 1430 1 3 1.3 1.3 2 3 6500 6620 1 3 65.1 65.1 

0 
1 
3 
1 
1 
2 
0 
0 
3 
1 
0 
0 
3 
1 
0 
1 

0 
0 
0 
1 
0 
0 
2 
2 
0 
0 
0 
0 
0 
1 
1 
2 
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generally displayed low or undetected arsenic 
concentrations. Soil contamination with arsenic is a 
fairly localized phenomenon. 

° Subsurface soils - The soil borings to the water table 
and the monitoring well soil samples to the water table 
showed elevated arsenic concentrations in the same 
locations where surface soil contamination was 
present. Again, the site periphery had low to 
undetected arsenic concentrations. The soils below the 
water table generally had low arsenic concentrations 
except near the banded zone. Only well cluster EW-7-
showed elevated arsenic concentrations throughout the 
soil column to the banded zone. Very little arsenic 
contamination was observed below the banded zone. 

o Groundwater - The groundwater in the upper sand is 
contaminated with arsenic throughout the thickness of 
this umt. The arsenic plume follows groundwater flow 
to the north and northwest. The highest concentrations 
were observed at the base of the upper sand; however 
the plume is larger at the top of the upper sand. Very 
little arsenic contamination was observed in the 
groundwater below the banded zone. In addition to 
arsenic, there is cadmium and possibly TCE contamina­
tion in the upper sand. 

o Buildinq #9 - The soils below the floor of building #9 
are contaminated with substantial quantities of 
arsenic, even -at depths where water table fluctuations 
could solubi lize the arsenic. The floor of the 
building is covered and the area around the buildinq is 
paved; therefore, there is little potential for 
rainfall percolation to solubilize the arsenic well 
above the water table. 

o Chicken—Coops - The dust inside the chicken coops 
contains substantial quantities of arsenic, cadmium, 
lead, mercury and zinc. Only one of these coops is 
presently used to store process chemicals. 

o Lagoons - Water samples in the unlined lagoon showed 
V!!ry i arsenic, while samples in the lined lagoons 
showed arsenic up to 3,000 ug/1. Sediment samples from 
mg/kg la9°on showed arsenic at approximately 120 

0 ^fmo%WHter anCl Spdimpnf " Both the surface water and 
Irtlnln downgradl(;nt of the site displayed elevated . 
arsenic concentrations. The highest levels of ^ 
hSn^miKatl°n rere observed in the former swamp caused 2 by the beaver dam. 

O O 
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The data suggest that arsenic contamination in the upper sand is 
migrating off-site to the north and northwest and entering the 
Blackwater Branch. Both soil and groundwater sampled at well 
clusters EW-1 showed no detectable arsenic. This well cluster 
is - across the Blackwater Branch from the site. The available 
data suggest that the arsenic contamination is entering the 
Branch, not .flowing below it to the other side. This is 
supported by the physical hydrogeologic data presented in 
Section 3, which showed an upward hydraulic gradient on both 
sides of this stream. 

While the data for this RI provided a significant body of 
information to define the arsenic contamination around the plant 
site, some additional data may be necessary to aid in designing 
a remedial action. Recommendations are provided below: 

o Groundwater - Additional monitoring wells should be' 
insta1led to the west and south to fully define the extent 
of the arsenic plume in the upper sand aquifer. 

o Soils - Additional soil samples should be obtained if 
remedial action for soils contamination is performed. The 
samples will be necessary to definitively outline ' areas 
requiring remediation. 

o Bu iId i nq s — Additional soil borings may be necessary to 
fully define the extent of arsenic contamination in the 
soils below the manufacturing area and buildings. The 
samples taken from underneath the floor of building #9 
showed very high arsenic concentrations, and it is not 
known whether this will be seen in other areas as well. 
The need for additional soil borings will depend to a 
degree on the future plans for the site. Presently, the 
manufacturing afea is paved, effectively capping the 
soils. This minimizes the potential for human contact, and 
minimizes rainfall percolation, which could solubilize any 
arsenic present. If the paving, is not maintained 
permanently in the future and if arsenic contamination is 
widespread in these soils, then this could be a potential 
source of long-term contamination. 
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5.0 CONTAMINANT FATE AND TRANSPORT 
5.1 ARSENIC 

5.1.1 Geochemistry of Arsenic 

Arsenic is ubiquitous in the earth's crust at low concentrations, 
generally below 5 mg/kg (USEPA, 1976). It occurs in four 
oxidation states: the -3 state, the metallic (0) state, and the 
+ 3 and +5 states. The metallic state can be found in certain 
types of mineral deposits while the +3 and +5 states are common 
in a variety of complex minerals and in dissolved salts in 
natural waters. The -3 state is present in gaseous ASH3 
(arsine). Arsenic occurs most frequently in nature in the 
pentavalent (+5) state as arsenate. 

In soil, arsenic is present at concentrations from 0.1 ppm to 
more than 1,000 ppm, depending on the soil's geological history 
(Ehrich, 1981). Analysis of 1,577 U.S. surface waters showed 
arsenic to be present in 87 samples with concentrations ranging 
from 5 to 336 ug/1 with and a mean level of 64 ug/1 (Kopp, 
1969) . In addition, large amounts of arsenic have been 
introduced into the environment in various chemical forms. 
Inorganic arsenic compounds such as sodium arsenite, lead 
arsenate and c alcium arsenate have been used in agriculture; 
arsenic pentoxide is used as both a herbicide and a pesticide. 
Organic arsenic compounds such as monomethyl arsenic acid 
(CH3AsO(OH)2) and dimethylarsenic acid (CH3)2AsOOH (also 
known as cacodylic acid) and their salts have been widely used 
as herbicides and pesticides. Smelting operations and coal 
burning power plants have also been principal sources of arsenic 
emissions into the environment. 

Arsenic is mobile in the environment. Both natural and manmade 
arsenic can be cycled within the air, water, and soil by mechan­
isms such as oxidation/reduction, adsorption/desorption, 
precipitation/dissolution, and biological methylation and 
demethylation. 

Aqueous Speciation 

Arsenic occurs in natural waters as arsenate (+5), arsenite (+3) 
and methylated species. Arsenic acid (H3As04) and arsenious 
acid (H3AS03) are formed from arsenate and arsenite 
respectively. Arsenious acid is formed from the dissolution of 
arsenious trioxide in water, whereas arsenic acid is formed from 
the dissolution of arsenic pentoxide in water. 

Under the pe (log standard oxidation-reduction potential) and pH 
conditions typical of natural surface waters, the arsenate 
species (H2As04 and HAs04 ~) predominate. Under moderately 
reducing (lower jpe) aquatic conditions, the arsenite species 
H3AS03 and H2As03 are likely to predominate. 

9237b 
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Of the two inorganic forms of arsenic, As + 3 is the more 
soluble (Handbook of Chemistry and Physics, 1978). In solution 
it forms an oxyacid, H3ASO4, whose properties very closely 
resemble those of H3PO4. Its solubility is 302 gm/100 cc 
water (Handbook of Chemistry and Physics, 1978) at 12.5°C as 
H3ASO4:I/2H2O. Once in solution, however, As(V) forms 
insoluble salts with many cations (Arsenic, 1984). Table 5-1 
lists the solubility products for a range of arsenates. 

As+3 has a solubility of 0.103M (41.6 gm/1 as As206). its 
behavior in solution is similar to that of boric acid, B(OH"a) 
(Arsenic, 1984). 

Evidence suggests that the arsenite (+3) form of arsenic is four 
to ten times more mobile in soil (and probably sediment) pore 

than i-s the arsenate ( + 5) species (Deuel and Swoboda, 
1972). This is due to the formation of arsenate (As + 5) salts 
on the surface of sediment and soil materials. In many systems, 
this results from the presence of iron and manganese hydroxides 
which readily absorb As+5 into their matrices. The larger 
As J ion is probably not as readily absorbed in these 
structures. This suggests that under reducing pore-water 
conditions, redox reactions may increase the aqueous phase total 
arsenic concentrations. 

In addition to direct effects on the solubility of arsenic 
itself, reducing conditions may indirectly increase arsenic 
concentrations through the reduction of ferric (+3) to ferrous 
(+2) iron and the accompanying dissolution of arsenic bearing 
amorphous iron oxides. The importance of iron redox reactions 
to arsenic cycling (similar to that of phosphorus) has been 

by 3 number of authors including Deuel and Swoboda 
(1972) and Ferguson and Gavis (1972). 

Evidence indicates that aqueous speciation of arsenic can be 
controlled • by biological rnethylation and demethylation. 
Biomethylation of arsenicals is generally thought to occur in 
the anaerobic environment of the sediment. McBride & Wolfe 
(1971) showed that an anaerobic bacterium, Methanobacter inm 
strain M.O.H could methylate arsenic and produced dimethylarsine 
(DMA) from As(V), As(HI), and monomethylarsenic acid (MMAA). 
In addition to arsenic species, the cell extracts or whole cells 

Methanobacterlum required adenosine triphosphate, hydrogen, 
and methyldonors with methylcobalamine (CH3-B12) (Ridley, 
W.P. et al., 1977). This biomethylation and reduction process 
is stown in Figure 5-1. Moreover, three species of fungi, 
Candida humicola, Gliocladium species and a Penici1inm species, 
W e Z G u  f°und t0 form trimethylarsine from methylated arsenic 
mpthv^6 an- -0r- acid pH- The Candida was able to : 
methylate dimethylarsinic acid, monomethyl arsenic acid 
arsenate, and arsonite (Cox and Alexander, 1973). The trimethvl c 

arsme and dimethylarsine formed can be released into the air. £ 
igure 5-2 shows the biological cycle for arsenic. In addition, 

Andreae (1979) proposed that biological demethylation is * 
responsible for the regeneration of inorganic arsenic from § 
methylated arsenicals. vo 
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TABLE 5-1 
SOLUBILITY PRODUCTS FOR ARSENATE'S 1 

Solubility 
Solids in Product 
Equilibrium Log Ksp 

A1AS04 -15.8 

Ba3(As04)2 -50.11 

Ca3(AS04)2 -18.16 

Cd3(AS04)2 -32.6 

Co3(As04)2 -28.1 

Cu3(AS04)2 -35.1 

Cr AS04 -20.1 

Fe AS04 -20.2 

Mg3(As04)2 -19.6 

Ni3(As04)2 -25.5 

Pb(As04)2 -34.4 

Sr3(AS04)2 -18.1 

Zn(As04)2 -27.4 

Mn3(AS04)2 -28.7 
Where, for example Ksp = [Fe+3] [As04 ~3] 

FeAsO-4 

From Frankenthal, R.P., 1963. Equilibrium constants. 
In: Handbook of Analytical Chemistry, lst Editon (edited 
by Meites, L.) Pl-13 to 1-19, McGraw Hill, Toronto. 

< M 2 
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FIGURE 5-1 
BACTERIAL REDUCTION OF ARSENATE 

OH 
I +5 

HO - As - OH 
II 

2 e" 
+ 3 

As -OH 
II 
0 

CH3-B12 
CH3 
I <3 

HO - As - OH 
II 
O 

ARSENATE ARSENITE METHYLARSONIC 
ACID 

CH3 

CH3"B12 _ J +1 
• HO-As -CH3 

II 
0 

4 e 

CH3 
-3 

As -CH3 
H 

DIMETHYLARSINIC 
ACID 

DIMETHYLARSINE 

SOURCE.'Mc BRIDE & WOLFE, 1971 





Precipitation/Dissolution 

Arsenic can form insoluble precipitates with calcium, sulfur 
iron, aluminum and barium compounds in natural waters Thesp 
reactions have been proposed as controls on aqueous phlse 
sulfide .c°nc®ntratlons (Deuel and Swoboda, 1972). Arsenic 
sulfide (AS2S3) IS suggested as being of particular impor­
tance under reducing conditions. However, since the nucleation 
and growth rate of the arsenical precipitates are slow 
(Wagemann, 1978), soluble arsenic species are more likely to be 
adsorbed on the surface of inorganic and organic substrates. 
Adsorption/Desorpt-i on 

° fCUrS inA soil-/sediment predominantly in an insoluble/ 
adsorbed form Arsenic has been shown to be adsorbed by a 
variety of sediment solid phase components including hydrous 
iron, aluminum and calcium oxides, clays and soil organic 
matter. in most geologic environments, evidence suggests the 
importance of soil iron oxides in adsorbing negatively charged 
anions such as arsenate preferentially. Woolson si. ai. (1971) 
found that most of the arsenic residue from soil with a history 
of arsernc applications was found as Fe-As. Other forms, Al-As 
and Ca As, may predominate if the amount of "reactive" A1 or Ca 
h* and reaiC^i^,e Fe is low' Arsenic adsorption appears to 
be better correlated to the clay content of the soil than to 
JJi , orga"lc carbon content (Jacobs fit al., 1970 and Wauchope, 
1975). The reason for this relationship is that the hydrous 

aluminum oxide contents of soils usually vary directlv 
with the clay content of the soil. y 

F°r+. certain organic arsenate compounds, however, soil organic 
and Faust7 198l?19n"H^ faCt-°/ in overa11 mobility (Clement and Faust, 1981). Hydrous oxides also appear to be more 
effective adsorbers of arsenic on a surface area basis than are 
layer silicate components of clays. The adsorption process 

t0. b® dependent upon both system pH and reduction-
arsenate"(+ 5f nrr condl^lons•..Maximum adsorption of arsenic as arsenate (+5) occurs under acidic or neutral pH conditions, with 
S'rns81"9 adsorption with increasing pH over the pH 7-9 range 
The maximum adsorption of arsenic as arsenite (+3) on hydrous 
1984)S aPAPiesorS r° ?CCUc j£ the, PH 7-9 range* (Rai and Zachara, 
IrtSU V s°' GuPta & Chen (1978) showed that the rate of 
spIciPr0hnaveeCareaSriafWlth* incr,easing salinity and pentavalent 

tX. greater adsorption affinity than do trivalent 
k aerohir f6 h*® ?h°W that adsorPtion will be most important 

// water. As conditions become more reducing, 
alkaline, and/or saline, arsenic is less likely to be adsorbed 
and more likely to remain dissolved. 

oredesi?birSthoiP̂ oibedtWehn the c°ncentrati°n of arsenic adsorbed 
nLil • °lld pha?e solls or sediments and the aqueous 
E 1. •. ,arsenio concentration may be expressed in terms of a 
partition or distribution coefficient (K): 
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K = X/C (1) 

where: 

X — amount of arsenic adsorbed to the solid phase in mg/kq 
and ' 

C = aqueous arsenic concentration in mg/1. 

Factors which have been demonstrated to influence the magnitude 
or K for a constituent such as arsenic include: 

o the experimental aqueous concentration range studied* 
o the form and valence of arsenic; 
o solution pH; and 

• o solid/solution ratios. 

Experimentally measured arsenic partition coefficients have been 
reported by a number of researchers for both sediments and soils 
of differing chemical composition. 

Partition coefficient (K) values for arsenic adsorption (as 
arsenate) to three different U.S. soi4s have been estimated from 
the linear portions of Langmuir isotherms of data reported bv 
Jacobs et al. (1970) and are found to be 8-28 1/kg. Estimated 
partition coefficients have been calculated from data reported 
for the adsorption of arsenic (as arsenate) to sediment 
19-102°l?kg. McDowell, 1984), and are estimated to be 

Wauchope (1975) also observed that the partitioning of two 
S1?3?1?!! arsenic herbicide compounds (methanearsonate 
H2AS03CH3 • and cacodylate - HAs02(CH3)o) was 
generally similar to that of the inorganic arsenic. For 
equivalent initial solution arsenic concentrations (2.5 x 10~3 

j niaximum calculated K values (methanearsonate, K=75* 
cacodylate, K=46) are less than the maximum K values calculated 
for inorganic arsenate. 

Available evidence indicates that the adsorption of arsenic to 

MOQ^(S ,1S NOT ENTIRELY reversible. Elkhatib at al. 
all? K- * * -<1985) reP°rted that isotherms of arsenite 
desorption from soils were strongly hysteritic. That is, for 
comparable experimental time frames, a fraction of previously 

bed arsenic appeared to be irreversibly bound to the soil 
Phase. In general, partition coefficients for desorption (KH) 
were significantly greater than the analogous K values for 
adsorption. This suggests that the use of partition 
coefficients based on measured adsorption K values may not 

P3iarte1/ describe the current mobility of arsenic at^sUes 
of past contamination. Arsenic migration in most field systems 
p ase °XneforpCOnt'rf°lled ?? arsenic desorption from the solid 
phase. Therefore, it is the magnitude of Kd that is most 
appropriately applied to environmental fate studies. 



Available information indicates that Kd for soil desorption is: 

o Significantly greater than K for adsorption; 

0 0f •Si)il chemical composition, including soil 
pH and iron oxide concentration; and 

o Strongly affected by the soil redox levels. 
Partitioning to Sediments 

The partitioning of arsenic between natural waters and sediments 
P ocesses ""Vt" "7 ?reciPitation and adsoS processes. At low aqueous phase arsenic concentrations 
ad^rn? /Her P"tltioning may be Predominantly controlled by 
adsorption/desorption processes rather than by direct precioita tion (Clement and Faust, 1981). "-necc precipita-

In general, when runoff occurs, dissolved arsenic is accumulated 
?Ldthe sed11™ent ^ three interrelated processes: sediment 
loading, solute adsorption onto the sediment, and "entrapment" 
^H-a^°rb^ S°lUte 33 heavier sediment particles are left 
behind. The adsorption of arsenic to sediment is not an 
entirely reversible process, and the sediment usually acts as a 
sink for arsenic.. Faust ei *1. (i983) have shown that the 
arsenic concentrations in sediment at the bottom of Union Lake 
overlyYnĝ aters5 °rderS °f magnitude hî r than in the 

Gas Transfer From Soils 

pmnStlidy Woolson and Kearney, 1972 showed that significant 
amounts of cacodylic acid (dimethylarsenic acid can 
volatilized in the soil via biological activity Anv o? fh» 
biological processes that produce dimethyl or trimethyl arsines 
gianUfyr„ometnhSi/0fr,9aS.eXChan9e £lux £rom th* soTfs 7 However? 
rates are not well known.1S ,Ult* ai££icul£ the reaction 

5-1-2 ARSENIC AT THF> VICHEM SUP 

As discussed previously, arsenic solubility and adsorption arP 

°«Vhe rea°X ih solution?0\lll 
w te suggested that variations in these 

conditions may be responsible for controlling arsenic transport 
Il!lteA™na"ate;'  ̂ten"s be used to describe the redox condition of a solution; pe and Eh. describe the 

pe is defined as follows: 

pe = - log (e) 
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where (e) is the activity of a hypothetical electron i n  
hvdroapn' ' ThS P+-e- iS thS electron equivalent of pH for the 
hydrogen ion activity. The pe is related to the readilv 
measured redox potential as follows: aaily 

Pe = F Eh 
2.303 RT 

where: F . Faraday's constant ( 2 3 . 0 6  kcal/V-gm equivalent) 
T " BfS =onstant <1-987 x 10-3 kcal/mole°K) 
i = the absolute temperature (°K) 
Eh = the redox potential (V) 

^sh^^^nourfV"1! St\bilit? f0r arsenlc compounds bnown in Figure 5-3. SUPERIMPOSED on the theoretical ninf 
e~Specific conditi°"s for the viChem site. Tht vertical 

under 'flZZ ̂sTû nq Ett'l'X °L VhVnqŜ in̂ i."1̂ ." 

thJ ^rticaT^dotted x'tTpf vVluS""t™» tL^b d°™ 

aInna°rcder estimate the redox conditions from the total iron 
ysis, two assumptions were necessary. First since nn Hat-a 

were available for dissolved iron, the to l i ' r n n  ,  ,  d a t a  
assumed to represent only dissolved iron Th* d values are 
CIE:Rnsandtao£a?heaiSSOl/ea »»»'" •" t'hi SUe SX 
LÂ PLS "'RE VERV CLELR SUVPÔ T̂O'̂ HI'S3̂  '"V- TH* 

'BASED o»in""-̂ »«Xt°ir5n"Ici,tpef.i"th:; 
found in the "aiSifer ̂ be'in0"" P" and "on concentration 
relationships given in Lindsay 1979 * USln9 e"uilibria 

5̂000 tppbInedran 89* 'umolA/Tf ,eo"lti'- irori concentration 
J™^-UIU^^Y-ID R^OF R» ?EDHIU: „D?^ 

C) . The range of all measured pH (4 5 t-o R\ ar»ri 
?HECPÊ :"™°.NAOF<".3 TO°.38'4H0° U9/1 °R " t0 '69° -" 7 3 
spectrum OIL possible site X Fi sT "xh^ 
SÛ aVerr rr*r'Cra. of Zltt 
iron levels are Sf iran! shows . an area where the measured 
selection of pe conditions above pH^TdUficu'lnrt"9 accu"te 

STbitbfiUL 5-3 abnf5 "af can̂ e 

«2-as»z -VSRF SSL 
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NJ on the Maurice River, which show sulfur and chloride levels 
to be less than 10"4 mole/1. The Maurice River study area 
includes the Blackwater Branch and the plant site in its 
drainage basin. This USGS station provides the most proximate 
water quality data available and is assumed to reflect the site 
groundwater conditions, at least for these two constituents. 

Based on these arguments, the oxidation state of arsenic in the 
groundwater will vary between +5 as H2AS04 and +3 as 
H3AS03°' assuming thermodynamic equilibrium. Based on the 
range of oxidation states, the Kd for arsenic should vary 
significantly as previously discussed in Subsection 5.1.1. This 
would help to explain the broad range of Kd seen in the site 
aquifer and discussed below. 

The Kds for arsenic for the wells in.the upper sand are shown in 
Table 5-2. These values were calculated from the analyses of 
total arsenic in the soil sample at the screen setting and the 
total arsenic in the groundwater as follows: 

= total Arsenic in soil in ma/ka 
total Arsenic in groundwater in mg/1 

No apparent trend is readily visible separating the shallow and 
medium wells in the upper sand. However, when dissolved arsenic 
levels are detected near background levels, the corresponding Kd 
is always very high (see Figure 5-5a). This is probably the 
result of arsenic bound within the soil material, not 
interacting with the groundwater, thus yielding these very hiqh 
values. 

When Kd is plotted against total iron in the groundwater, it is 
readily apparent that no high values of Kd occur above iron 
levels of 8 mg/kg (see Figure 5-5b). This would support the 
relationship between iron concentrations, arsenic oxidation 
states and the Kd previously discussed. 

The range of Kd for the contaminated mid-depth wells is 0.2 to 
54 1/kg with a geometric mean value of 6.6 1/kg. The range of 
Kd for the contaminated surface wells is <1.5 to 270 with a 
geometric mean of 9.8 1/kg. These mean values agree well with 
the mean Kd of 5 1/kg for a mixture of As (III) and As (V) in 
sandy soils measured by Baes and Sharp, 1983. Thus, the 
limiting factor for dissolved arsenic concentration in the 
groundwater is the variation of Kd within the aquifer, not the 
arsenic solubility. 

Considering the above, the average Kd for arsenic in the soils H 
at the ViChem site was estimated to range from 6 to 10. z 

Practically speaking, the concentration of arsenic in the soils 
is expected to be 6 to 10 times as great as the concentration of § 
arsenic in waters in equilibrium with the soils, when the soil 1-1 
concentration is expressed as mg/kg and the water concentration 
is expressed as mg/1. i-1 

o 
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TABLE 5-2 
SUMMARY OF DISTRIBUTION COEFFICIENTS FOP AT 

THE VINELAND CHEMICAL GOMPANV RTTF 

Well 
Depth 
ft. GW-

Kd** 
1 GW- 7 

Groundwater 
Total Fe 

Mean 
Groundwal 
Diss. As 

Mo A n 
MEDIUM WELLS (ug/1) 

nc ail 

(ug/l) 
EW-2M 30 10. 10. 11100 5760 
EW-4M 37 0.2 0.2 11300 310,000 
EW-5M 43 620 240 4230 22 
EW-6M 60 2.4 3.0 36700 2940 
EW-7M 55 6.0 6.0 17,600 14,700 
EW-8M 70 54 42 734 120 
EW-10M 33 22 12 4700 427 
EW-11M 60 9.0 8 . 0 24100 2790 
EW-13M 50 13 23 3620 937 
EW-14M 60 280 210 6630 15 
EW-15M 62 98 680 550 18* 
SHALLOW WELLS 

EW-4S 8 2.4 1.6 534 641 
EW-5S 8 17 12 14,000 507 
EW-6S 13 120 31 4475 164 
EW-7S 5 0.55 0. 60 1660 7480 
EW-8S 13 3.0 2 . 0 11200 7570 
EW-13S 17 5.0 3 . 0 3,200 771 
EW-14S 12 99 15 486 225 
EW-15S 13 200 270 _ _ 260 
* Total As in groundwater 

Calculated with Total As in soil and Total As in groundwater 
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The Kds can be used to estimate soil arsenic cleanup levels. 
wnrSn!rHHnKdhdfSCrib!l the quantities of a substance which 
Of rnnVr between the solids and water, the concentration 
of the contaminant that can remain in the solid phase can be 
known^ate*rh ^ the Kd a?d the desired «senlc cSnt'minat?" if 
actTons 13 signiflcant in terms of Potential remedial 

Table 4-3 presents the mean and maximum background concentration 
of arsenic in soils on site as 2 and 5 mg/kg, respectively. The 
value of 2 mg/kg was obtained by averaging the soil arsenic 
concentration of well boring EW-1 (full boring), the soil 
arsenic concentration of well boring EW-9 (below the water 
taoie), and the soil arsenic concentration of well borinq EW-12 
(except the top surface soil sample). The data were presented 
in Figures 2 8a, 2-8h, and 2-8k. The value of 5 mg/kg is 
presented as the maximum background concentration because this 
was the maximum detected value in this data set. 

As a practical matter, it may be said that the background soil 
arsenic concentration on the ViChem plant site is essentially 
undetectable. This is evident from an examination of the 
surface soil samples in Figure 4-1, and the soil boring data in 
sampTiP* • 4:3-. These figures show that a number of 
samples in noncontaminated areas have undetectable arsenic 
concentrations The same is true of Figures 2-8a, 2-8h aid 

fM°W that a number of the well boring samples also 
value of ?mn/karsenic concentrations. Assigning a background 
a f ^ KI mg/kg. 1S essentially an attempt to quantify the 

bie arsenic concentrations for comparison purposes. It 
Limit (ramw °Ut th-Bt thG CLP'S Contract Required Detection 
Limit (CRDL) for arsenic is approximately 2 mg/kg. This is 
consistent with the value of 2 mg/kg presented above 

h^i,CalCUiate-•> 8 cle.anuP level for the aquifer soil, the 
background soil arsenic concentration of 2 mg/kg can be used as 
a base, assuming this arsenic to be relatively unleachable The 
Federal Primary Drinking Water Standard for arsenic is 50 ug/1 
saiurnVthathpthKe, arSeniC, iS n0t î eversibly bound to KL 
soils. With the Kd range of 6 to 10, the allowable arsenic soil 
concentration that can be left in the noil ranges from 2 4to 
2.6 mg/kg. This level of arsenic in the aguifer soils win 
theioUsair?1oCua/'?Centrati-0n ̂  the "ater " e9uili"rium with 
bSunl to the soils9 ' assumlng that arsenic ^ ""t irreversibly 

The calculation presented above must be considered in light of a 
number of factors. First, the water must be in equilibrium with 
the soils This may be true below the water table, but in the 
UNSATURATED ZONE IT IS PROBABLY NOT TRUE. UNSATURATEDS 
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leaching would probably be less efficient than predicted by a 
Kd, allowing in effect a higher arsenic concentration to remain 
in the soils than predicted. Second, a concentration of 50 ug/1 
directly below a leached source area may be much lower at a 
distance from the source area because of adsorption onto the 
allowpd SiV A much higher soil arsenic concentration may be 
allowed if the concentration of arsenic at the receptor is 
desired to be 50 ug/1. Also, in terms of remedial actions 
f^eS6|- arsenic SQl1 . concentrations may not be reliably-
targeted for removal. Finally, this calculation assumes that 
all arsenic above background is leachable. This may not be the 
case. The results of a water extraction treatability study 
presented in Section 7 show that arsenic was removed from the 
soil sample down to 17 mg/kg. This test would be considered 
optimal leaching conditions, since the soil was compietely 
saturated with water (200 g soil with 200 ml water). 

arsenic off^f ""certainties with calculating the desorption of 
arsenic off of the soils, and hence a soil cleanup level based 
leach?nn les<+-rpth°n "iteria' u is recommended that column 
JhP 4- Performe.d- These tests would help determine 
the leaching rate of arsenic off the soils, and may establish a 
level below which arsenic will not leach off the soils, despite 
being present above background concentrations. 

The low Kd values for the site do present some interestina 
conclusions. First, the arsenic is highly mobile. Second 
desorption of arsenic from contaminated aquifer soils mav 
Sra^sLic^o^the^ °f-fthe groundwater cleanup after the sources or arsenic to the aquifer are removed. 
5,1,3 Arsenic in the Site Groundwaipr 

iureJgU3uar distribution of arsenic in the groundwater 
s^qqest°that t-hplte n*1009 WUh th® Wid® range of Kd values would 
hpon ^ that the release rate of arsenic from the site has not 
form Prio^ ton°ig7RaS ^ always. been in the same chemical 

. ,Prior to 1978, raw materials containinq arsenic and 
A«SN1C1 PRODUCTION WASTES, CONTAMINATED WITH DMAA, MMAA AND 
AS2O3 were stored in large piles around the site This 
and6 c • WJS • 3ef-fc eXP°Sed to PreciPitation which dissolved it 
bL ^ V int° the groundwater system. in addition the 
lagoons used for wastewater were unlined and the wastewater was 
nnoi f percolate into the groundwater. After 1978 these 
nrinJri p waste materials were removed and allegedly 
properly stored or disposed. m 1980, a wastewater pjoclwinj 
Plant was brought on line. A "pump and treat" g?oundwaJe? 

6m WaS alS0 lnitiated. The most likely effects of 
these changes were to change the chemical nature of the arsenic 

aS6dThand.t0 decrease the arsenic transport away from 
/ , blVs a significantly different conclusion than that 

decrease w^as due°tn Johnson <lg82), who suggested that the ecrease was due to lower groundwater flow and recharge. 
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The distribution of arsenic in the groundwater from the medium 
wells shows an area with elevated concentrations at EW-4. This 
maximum is two orders of magnitude higher than the next closest 
measurement. There are several possible explanations for this. 
An unknown source of arsenic may exist northwest of the site, 
perhaps near the area now occupied by Martex Manufacturing! 
which is significantly higher than any measured on-site. In 
order to produce the^ difference between the surface and 
mid-depth samples at this well, however, this source would have 
to be very dense or it would have to be pumped to that depth. 
The groundwater at EW-4M does contain a very high level of 
sodium, but this level is not sufficient to create the kind of 
density difference necessary for the plume to sink through the 
aquifer without mixing significantly. 

This maximum may represent the remainder of material produced 
prior to 1978. Since there was no treatment of wastes prior to 
that time, it would not be difficult to produce very high arsenic 
concentrations in groundwater. Data from studies conducted for 
ViChem by Lennon and Johnson (1982) and Woodward-Clyde (1985) 
show the trend in arsenic in the water from well MW-1 for a 
seven year period beginning in September, 1978 (see Figure 
5 6). The validity of these data may be questionable since it 
is not clear how the data were collected and analyzed or who 
performed the analyses. The data show a sharp drop in the 
arsenic levels at monitoring well MW-1 from over 100,000 uq/1 in 
December 1978 to 30,000 ug/1 by March 1980. In addition, a 
slower downward trend is visible from August 1979 to March 1985 
although it appears to have reached a constant level after 
1982. it is likely that these trends are the result of the 
removal of the waste salt piles containing arsenic in 1978 and 
the later start-up and operation of the wastewater treatment 
plant, significantly lowering the flux of arsenic to the 
groundwater. It should be noted that the maximum concentration 
observed at MW-1 in December 1978 is only two to three times 
smaller than the value measured at EW-4M. It should also be 
noted that the monitoring wells MW-1, MW-6 and MW-10 were pumped 
as a result of a 1981 Administrative Consent Order with NJDEP. 

The Ebasco measurements at MW-1, MW-6, and MW-10 are also 
plotted in Figure 5-6. These new values are consistent with the 
downward trends observed previously, although monitoring well 
MW-10 appears too low in 1987 relative to 1982. 

The maximum at EW-4M may also be a result of dilution. The 
shallow groundwater may have been preferentially flushed by 
rainfall, which has had less of a dilution effect on the deeper 
groundwater. The deeper groundwater at EW-4M may represent the 
remnant of a highly contaminated plume that previously existed 
lu u iSnlte' This highly contaminated plume is not observed in 
the shallow groundwater at EW-4S due to rainfall dilution. 
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Hydrological models of the groundwater flow indicate that the 
transit time for water at the site to reach EW-4 is on the order 
of 5 to 15 years. Thus, the groundwater at EW-4 may be 
contaminated at levels similar to those found at the site near 
the lagoons 5 to 15 years ago. The effect of Kd will be to slow 
the movement of the arsenic maximum off site. 

The shallow well arsenic concentrations shown in Figure 4-7 show 
widespread contamination with centers near each of the known 
manor release centers; the site buildings, the lagoons, the hot 
spot area near the chicken coops, and the surface soil dump 
site. The lower levels between these centers are most likely 
due to dilution and groundwater flow. The medium well arsenic 
concentrations shown in Figure 4-8 show the impact of the 
largest and oldest sources, i.e., the lagoons and the site 
buildings. The contamination from the chicken coop area and the 
soil dump site apparently has not yet reached the deeper levels 
of the upper sand aquifer. 

The arsenic levels measured in the groundwater from the deep 
wells show no significant levels above background, as shown in 
Figure 4-5. It would appear that the banded zone has prevented 
significant contamination of the lower aquifers. 
5.1.4 Arsenic in the Surface Soils 

The background levels of soil arsenic were established by 
examining the arsenic levels of the soils taken in wells EW-1 
and EW-12 and the portion of well EW-9 below the water table as 
discussed previously. These wells appear to be sufficiently far 

jhe contaminated areas to be free of any contamination 
related to the site. The background concentration was estimated 
to be 2 mg/kg, which essentially corresponds to the detection 
limit of arsenic in soils. The standard deviation in the data 
set analyzed was 0.4 mg/kg. This value agrees with the surface 
soil samples from the eastern edge of the site, which also 
appears to be free of contamination. It also falls at the lower 
end^of the range of arsenic levels in sandy U.S. soil (see Table 

The distribution of arsenic on the surface soils shows several 
areas of high concentrations including the site buildings, the 
lagoon area, the service road, the hot spot area near the 
chicken coops and the backfill area near EW-15 (see Figure 
? ''. arsenic at these sites is usually concentrated in the 
top six feet of soil, probably the result of spills or dumping 
at each location with subsequent transport by percolation. The 
mean concentration in the top six feet at each area is given ii 
Table 5-3. Below six feet, the soils are usually at backgrount M 
levels except only the most contaminated points. The total soi 2 
arsenic inventory including background for these areas is 2.3 b 
9.6 metric tons, depending on whether the area-weighte o 

M 
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TABLE 5-3 
MEAN SOIL As CONCENTRATIONS 

UPPER SIX FEET 

Area 
Geometric 

Mean Soil Ars 
Arithmetic 
Mean Soil Air Surface Area 

(mg/kg) (mg/kg) 
=* v* *• ** *•* w >—• acq 

(103ft2) 
1. Site Bldg Area 21.5 31.4 105 
2. Lagoon Area 11.6 79.9 216 
3. Hot Spots Area 13.2 46.2 33.7 
4. Service Road 23 . 6 74 .2 32.5 
5. Backfill Area 30 t 9 no 11.8 

Area Weighted 
Geometric Mean = 15.9 
Area Weighted 
Arithmetic Mean 64.7 
Total Area 399,000 ft2 

Note: The final area weighted means were calculated on a strict 
area basis for both the geometric and arithmetic means. 
The area numers refer to Figure 5-7. 
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geometric or the arithmetic mean is used, respectively. 
Excluding background, the anthropogenic arsenic inventory ranges 
from 2 to 9.3 metric tons. 

^hemWw?e 5iscr.ePancy between the geometric and arithmetic means 
m Table 5-3 is the result of the sample distribution. Highly 
contaminated, very localized zones of contamination exist within 
each area, with the majority of the area at or near background 
levels. This heterogeneity makes it difficult to reliably 
estimate the quantity of contaminated soil at the site. 
5.1.5 Arsenic in the Aquifer Soils 

The mean arsenic soils concentrations in the aquifer soils are 
listed in Table 5-4. The soil arsenic concentration above the 
banded zone is compared with that below, demonstrating that the 
banded zone effectively prevents contamination of the lower 
aquifer in most areas. The background soil level (2 mg/kg) was 
calculated from Ebasco wells EW-1, EW-9 and EW-12 as previously 
discussed. The soils from all other wells show arsenic 
concentrations at least 2 to 30 times higher than this. Well 
EW-10 is similar to the background levels although it does show 
some low grade contamination. The distribution of arsenic 
appears to change with distance from the lagoon areas The 
broad contamination distribution in Well EW-7 appears only as a 
high narrow band in wells EW-2 and EW-4 (see Figure 2-8). The 
reason for this, although unclear, is probably a result of 
groundwater flow, variations in site output, and exchange with 
the stream at sites EW-2 and EW-4. 

The mean arsenic concentration in the aquifer soils for the area 
defined by the stream flood plain edge, Mill Road, the southern 

fv. y and the north"south running road at the east side 
of the property (approximately 44.8 acres) is 6.65 to 10.7 mq/kq 
on a dry weight basis (geometric and arithmetic means, 
respectively) (see Figure 5-7). This excludes wells EW-1, EW-9 
and Ew~12 • The total arsenic within the aquifer from the water 
table to the top of the banded zone is approximately 34 to 55 
metric tons, of which 10 metric tons result from background 
concentrations and the remainder are • the result of 
contamination. This inventory includes both the arsenic bound 
u ,7 ®011 and the arsenic dissolved in the groundwater. it 

should be noted that the 24 to 45 tons of additional arsenic are 
much more mobile than the background-related arsenic, based c 
the variation of Kd with arsenic concentration (see Figure 5-5a) on 
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TABLE 5-4 

SATURATED SPIT. ARSENIC I.EVFT.S 
(Water Tah)p Aouiferl 

Ebasco 
Well 

As 
Water 
Table to 
Banded 
Clav 

(mg/kg) 

As 
Below 
Clay 
Laver 
(mg/kg) 

Depth of 
As Maximum 
(feet) 

Maximum 
As 

Concen-
tration 
(mg/kg) 

1 (1.6)U U None U 2 8.4 U 30 133 4 10 .2 U 50 482 5 4.8 2 40 17. 6 6 4.4 - 40 41.2 7 49.8 11.4 60 209 8 15.4 - 30 60 9 0 . 64 4 25 5.98 10 1.4 U 35 8 . 5 11 10.4 - 60 24 12 (1.6)U - None U 13 6.0 - 30 20.5 14 2.2 - 30 11 15 4.2 2 . 1 25 20 

Top of 
Banded 

Clav Laver 
(feet) 

38 
48 
45 
48 
58 
60 
70 
73 
40 
65 
70 
50 
55 
70 

As Geometric mean of saturated soils above clay layer = 6.65* 

As Arithmetic mean of saturated soils above clay layer = 10.7* 
* Excluding EW-1, EW-9, EW-12 

U - Below detection limits 

- - No samples taken 
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5.1.6 Transport Of Arsenic Away from thp s-it-g 

There are three potential pathways for arsenic transport from 
the site. These include groundwater transport, surface runoff 
and gas transfer. 

The gas transfer of arsenic occurs via biological conversion of 
arsenic-organic to volatile forms. The study by Woolson and 
Kearny (1972) suggests that up to 35% of the arsenic in the form 
of cacodyllic acid (dimethylarsenic acid) could be released this 
way under aerobic soil conditions in a period of 24 weeks. The 
exact percentage of cacodyllic acid in the waste is unknown. 
However, the normal waste from the production of this acid (one 

.e Products from ViChem) contains 1 to 2% cacodyllic acid 
(Sittig, 1980) . The present wastes, largely liquid, contain 
arsenic as sodium monomethyl arsenate (M&M Engineers, 1978) for 
which the biological conversion rate to volatiles is unknown. 

As a worst case, if all soil arsenic were in the form of 
cacodyllic acid, the gas flux from the top two feet of the 
contaminated areas listed in Table 5-3 would be 2.5 kg/day (913 
kg/yr) or 6.25 mg/day-ft2. This, however, would quickly 
deplete the soils. As unlikely a scenario as this is, no other 
data exist more accurately estimating the flux. 

A more likely vehicle for transport of arsenic off site is 
surface runoff, which may remove arsenic in both dissolved and 
/fot^nXiS316 Us ing the highly contaminated areas on site 
^yy,uuu sq ft), a mean soil arsenic concentration of 16 to 65 
mg/kg (Table 5-4), and a net sediment transport rate for this 
drainage area of 0.056 gm/ft2-yr (194 ton/yr per 113 Sq mi 
Lennon & Johnson, 1982) yields a sediment-bound arsenic 
transport of 0.35 to 1.4 gm/yr. If equilibrium between runoff 
water and the surface soils is assumed, then with a Kd of 6 to 
10 and 22-e of annual precipitation (44 inches) appearinq as 
surface runoff, the total transport becomes 14 to 98 kg/yr. 

The groundwater flux involves the input of arsenic to the 
groundwater and the outflow of arsenic from the groundwater to 
the receiving stream, the Blackwater Branch. The input of 
f£SfniuC t0i theL groundwater can come from percolation of rainfall 
that has leached arsenic from contaminated soils and from the 
treatment plant discharge. The outflow of arsenic can be 
derived by estimating the groundwater flow from the site and the 

concentratlon of arsenic in the groundwater, then using 
those to calculate the total mass of arsenic leaving the site 
estimatpffS h rt 5- th® ?mount of arsenic leaving the site can b. 
estimated by determining the total load of arsenic in th. £ 
Blackwater Branch and comparing this amount with the loa 2 
calculated from the groundwater. 

o 
o 

M M NJ NJ 
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The amount of arsenic percolating into the groundwater from 
arsenic-contaminated soils can be calculated using the regional 
precipitation (44 inches/year), the amount of precipitation that 
recharges the groundwater (26%), the mean arsenic concentration 
t11 in6 c°ntaminated soil areas (16 to 65 mg/kg), and the Kd (6 

5 *.'».• The Pefcolation of arsenic into the groundwater 
calculated this way is 0.043 to 0.30 grams of As/yr-ft2 for 
all of the contaminated areas, or 17 to 115 kg of arsenic Der year. 

Another source of arsenic into the groundwater is the 
percolation of the treatment plant effluent from unlined lagoon 
S nnnep0rH the- treatment Plant produces approximately 
7,540,000 gallons of discharge per year with a maximum arsenic 
concentration of 0.7 mg/1 (Woodward-Clyde, 1985). This would 
represent an additional 19 kg/year of arsenic entering the 
groundwater. If the treatment plant is more efficient and the 
arsenic concentration is lower (e.g., 0.05 mg/1), this load 
would be even less (1.4 kg/year). 

Summing the two inputs described above yields a present-dav 
input rate of 36 to 134 kg/year of arsenic entering the 
groundwater. Past practices probably resulted in significantly 
greater inputs of arsenic to the groundwater system prior to the 
time wastes were properly containerized or treated. 

The amount of arsenic leaving the site via groundwater outflow 
can be calculated by determining the groundwater outflow and 
applying the average concentration of arsenic in the 
groundwater. Calculations using the data collected in this Rl 
are shown in Table 5-5. 

The groundwater outflow along each of the three groundwater flow 
vectors presented in Section 3 was determined. The arsenic load 
along each of these vectors was estimated by averaginq the 

concentrations in the shallow and medium depth wells 
hith - Jie J3- boundaries- Averages were calculated in 
both the arithmetic and geometric forms. All of these data are 
from the upper sand aquifer. 

The calculations show that the total arsenic flux off the site 
T1? ^groundwater in the upper sand aquifer is estimated to be 
. 2 ^ tor}s Per year (1,200 to 11,000 kg/year). This 
calculatp^nrp higher than the present-day arsenic input calculated previously. 
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TABLE 5-5 

ARSENIC TRANSPORT AT THE SITE 

Blackwater Branch Transport 

Location Flow Total As Flux 
(m3/s) (ug/1) metric tons/yr 

ER-2, 1987 (stream background) 2.5 (U) 
ER-4, 1987 0.91 153 4.3 
ER-5, 1987 0.47 570 8.2 
Lennon & Johnson, 
1982 

0.30 1,000 6.8 
(background [As] (9.6 at ER-3 
= 300 at -2.8 at 
0.29m3/s) ER-2 = 6.8) 

Groundwater Transport to Rlarkwattr Branch 

Vector* FIQW* Wells T As 1 f As 1 Flux 
(m3/s) EW Arithmetic 

Mean 
(ug/1) 

Geom 
Mean 
(ug/1) 

Arithmetic Geom 
(As Metric Tons/Yr) 

1 6.8xl0-3 10 + 13 528 257 0.11 0.055 
2 3.5x10-3 2+4 79,900 2860 8.8 0.32 
3 0.0114 7 + 8 5740 1970 2.1 0.71 

Total Groundwater As Transport 11.0 l.l 

* From Table 3.5 
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Another method to estimate the groundwater outflow off the site 
is to determine the arsenic load in the Blackwater Branch 
upstream and downstream of the site. The difference in the 
arsenic load between the two can be assumed to result from 
flZ1nd"ater.Jlschar9e off the site. If all of the groundwater 
a ^nir f!S ea ?lS the* surface water, then the groundwater Vtl 11UX surface water arsenic flux should match rairiy wel1. 

Inblfv, 5~5nlpr!se?ts the arsenic ioads calculated from data taken 
in the Blackwater Branch during this RI. At station ER-2 

°* fcl?e S1te, the arsenic concentration in the 
Blackwater Branch was undetected (detection limit 2.5 ug/1) At 
ER-4, downstream from the site at the Mill Road bridge,' the 
arsenic concentration was 153 ug/1 with a flow of 32.3 cfs. The 
net arsenic load added to the stream is the difference between 
the two concentrations times the flow rate. This calculates to 
be 4.3 metric tons per year (4,300 kg/year), which is in 
agreement with the groundwater estimates presented previously. 

Station ER-5 is approximately 4,000 feet further downstream from 
station ER-4 on the Blackwater Branch. Using the arsenic 
concentration measured here of 570 ug/1 at a flow of 16.5 cfs 

J. .ars®nic. load Passing this point is 8.2 metric tons per 
Tv, 'u ZZ113 1S • in agreement with the values for ER-4, even 
though the stations were sampled on different days, and is in 
agreement with the calculated groundwater fluxes. 

Both stations ER-4 and ER-5 integrate long distances of the 
tSh^ bed,narh probably accurately reflect the arsenic flux from 

\ to the stream. There is not enough sensitivity in the 
data to s1rate definitely whether the arsenic load at ER-5 is 
llvU1that thfer than at, E5"4- At 9 minimum ifc is PO«ible to 

b the, arsenic load in the Blackwater Branch closely 
indicatinaeSthafe ̂  calcijlat?d from the groundwater outflow, indicating that the arsenic in this stream is a result of 
groundwater discharge from the site. 

The arsenic outflow off the site was estimated by Lennon and 
anSnSa°rVn 3 1982 conducted for vichem. Using the flow 
udstream ami ^nce"tratl°"s in the Blackwater Branch measured 
was built) thev AT ?f,sbatlon ER"3A (before the beaver dam 
tons/year Vi e VP Kf ""K arsenic load °f 6.8 metric 
7 a i difference between their upstream flux of 
.8 metric tons per year and the downstream flux of 9.6 metric 

0 ?S nf*T-' Assum^n? a groundwater flow rate off the site of 
0.2 cfs m the vicinity of ER-3A, they estimated an average 
38S000Cug/lCentTt ̂ tsho Id g™undwater entering the stream of 3 
:: vL"g/1* 1 Should be noted that these investigators die * 

obtain samples well upstream from the entire site as wa o o 

Kj 
Or 

9237b 5-28 



done in this RI. Given the low stream levels measured by Ebasco 
at ER1 and ER2, it is highly likely that the total downstream 
flux measured by Lennon & Johnson of 9.6 metric tons/yr is the 
more representative site arsenic input in 1982. 

These 1982 estimates are in agreement with the values calculated 
using Ebasco's 1987 data. This suggests the possibility that 
the arsenic flux to the Blackwater Branch may have been 
relatively constant from 1982 to 1987. There is not enough 
precision in the stream flow flux measurements to state whether 
or not this is so. However, Figure 5-6 shows relatively 
constant arsenic concentrations in ViChem monitoring wells MW-1 
MW-6, and MW-11 from 1982 to 1987. ' 

ViChem has operated a groundwater treatment plant at the site 
since approximately 1980. Using the average arsenic 
concentration in ViChem wells MW-1, MW-6 and MW-11 between 1982 
and 1985 of approximately 15,000 ug/1, this calculates to an 
arsenic removal rate of 0.3 metric tons of arsenic per year 
This is an insignificant rate compared with the arsenic flux 
from the site based on groundwater advection. 

The calculated present day arsenic flux from the site is 
summarized in Table 5-6. The estimated fluxes from the site 
range from approximately 1.2 to 11 metric tons per year. Of 
these, it is felt that the most representative flux estimate is 
approximately 6 metric tons per year. 

The calculated arsenic flux from the site is far less than the 
input estimated from . the percolation of arsenic from 
contaminated soils and from the treatment plant discharqe. 
There are two possible reasons for this. First, there is a 
significant amount of arsenic bound to the saturated aquifer 
soils which at Kd's of 6 to 10 will maintain a high 
concentration of arsenic in the groundwater, hence a continual 
arsenic flux from the site. This arsenic would represent 
!arl-r pleases which have built up in the aquifer soils. 
Second, the treatment plant discharge may not have as low an 
arsenic concentration as reported. 

The total quantity of available arsenic in the aquifer was 
presented previously as being approximately 24 to 45 metric tons 
based on the average soil arsenic concentrations below the water 
table and the Kd (excluding the estimated 10 metric tons of 
background arsenic). This arsenic may leach from the soils into 
the groundwater and maintain elevated groundwater levels even if 
no additional arsenic is added to the system. 

?QBQK\indVlater moc?el was Prepared for the Plant Site FS (Ebasc 
989b) to evaluate various groundwater pump and tre < 

alonariw°ith ?h*S is discVssed in detail in that documei £ 
ong with the effects of various pump and treat scenarios 

remediating the contaminated groundwater. It is important ° 
re' ,l?owever' that one of the parameters calculated by ° model is the time to naturally flush the arsenic from 

groundwater. M 
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TABLE 5-6 
ESTIMATED ARSENIC FT.UXES AT THF STTP 

DURING 1Q ft 7 

MECHANISM ARSENTG TRANSPORT 
(metric tons/yr) 

INFLOW 

Treatment Plant Discharge 0.02 

Surface Water Percolation 0.02 to 0.12 
OUTFLOW 

Gas Transfer* 0.91 

Surface Water Runoff 0.01 to 0.10 

Groundwater Flow** 1 2  to 11 

Stream Flow** 4.3 to 8.2 

Groundwater Treatment*** Q.3 

* * 

* * * 

This estimate is included only for comparison since its 
error limits are completely unknown. 

These two fluxes represent essentially independent 
estimates of the same flux, i.e, groundwater arsenic 
transport and thus, should be equal. The calculated 
ranges suggest this to be so. 

This process was shut down in 1987. 
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Table 5-7 presents the time it is predicted for the arsenic 
concentration to decrease below 50 ug/1 in the groundwater 
assuming that no additional arsenic is added to the system, and 
assuming that no pumping/treatment is undertaken to promote the 
flushing. The table shows that the natural flushing rate is 
highly dependent on the Kd of arsenic. Assuming the lowest mean 
Kd presented above, 6.6 1/kg, it is predicted that over 500 
years will be required for the arsenic concentration in the 
contaminated upper sand aquifer to fall below 50 ug/1 naturally. 

Two of the assumptions in the groundwater model are that the 
aquifer soils and the groundwater will always be in equilibrium, 
and that the Kd is constant, i.e., that the Kd does not change 
as the concentration of arsenic on the soils and groundwater 
change. Evidence presented in this section suggests that 
arsenic's Kd may not remain constant and may in fact increase at 
low soil arsenic concentrations. This may mean that not all 
arsenic will desorb off the aquifer soils. Insead, a point may 
be reached at which arsenic will not desorb further from the 
aquifer soils. This would reduce the predicted natural flushinq 
rates considerably. 

It is not possible to predict the concentration below which 
arsenic will stop desorbing off of the soils with the existing 
data base. A soil washing treatability study presented in 
Section 7 shows that the arsenic concentration of one sample was 
reduced from 114 to 17 mg/kg; however, it is not known if 
additional washing could have produced a lower concentration. 
Column leaching tests are recommended in Section 8 to provide 
additional data on arsenic's desorption characteristics, and to 
aid in determining if there is a point below which arsenic will 
not desorb off of the site soils. 

5.2 CADMIUM 

5-2.1 Geochemistry of Cadmium 

Cadmium (Cd) is present in soils at concentrations of from 0.01 
to 7.0 mg/kg. Cadmium is mobile in the environment. It may he 
transported from soils as soluble cadmium salts, as the hydrated 
cation, or as organic or inorganic complexes in the aquatic 
environment. Under natural conditions cadmium exists almost 
exclusively in the +2 valence state (Callahan et al., 1979). 
Aqueous Speciation 

In natural waters dissolved cadmium may exist as a simple ionic 
species, or as part of an inorganic or organic complex. 
Equilibrium model calculations performed by Turner et al. (1981) 
indicate that at representative natural water concentrations of 
the principal inorganic dissolved cadmium complexing agents 
(carbonate, sulfate, chloride and fluoride = 10~'u4) the 
^2+Cipa-1 aqueous inorganic cadmium species at pH 6.0 should be 
Cd , with small amounts (5%) of the aqueous phase cadmiurr 
being present as CdS04° and CdCl+. At PH 9.0, equilibria 
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TABLE 5-7 
PREDICTED TIMES TO ACHIEVE A 50 ua/1 ARSFNTC 

CONCENTRATION IN~ THE CQNTAMINATEF) 
UPPER SAND AQUIFER VTA NATURAL FLUSHTNO 

Time to Achieve 50 ug/ll 
M Arsenic Concentration 

0.2 25 yrs 

3.3 250 yrs 

6.6 500 yrs 

1 Taken from Plant Site FS report (Ebasco, 1989b). See 
this report, Appendix C, for complete presentation of model 
assumptions. 

< H a 
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calculations indicate that Cd2+ and CdC03 should be the 
principal inorganic species with the aqueous phase cadmium 
concentration controlled by the solubility of solid phase 
cadmium carbonate (octavite). Solubility product calculations 
predict maximum aqueous phase cadmium concentrations in 
equilibrium with octavite to be about lxlO-®M (approximately 1 
to 2 ug/1). Based on the pH range measured by Ebasco of 4.5 to 
8.0 with a median of 5.9, the principle aqueous inorganic 
cadmium species should be Cd2+, with approximately 5% as 
CdCl+ and CdS04°. 

The overall effect of dissolved organic matter on influencing 
aqueous phase cadmium speciation and concentrations is 
uncertain. Guy and Chakrabarti (1976) have shown that humic and 
fulvic acids can form dissolved complexes with cadmium as well 
as other trace metals (lead, copper, zinc, etc.). These authors 
have shown that such complexes might be a significant mechanism 
for cadmium remobilization from sediments to the water column. 
Conversely, in studies on Mississippi River sediment-water 
interactions, Khalid (1980) concluded that soluble organic 
ligands had little effect on aqueous phase cadmium 
concentrations, except at relatively high dissolved organic 
concentrations. 

Given the clean sands of the upper aquifer at this site, these 
organic forms are probably not important. However, a related 
form of cadmium produced at the ViChem plant is potentially 
important. 

Precipitation/Dissolution 

Solid phase cadmium carbonate precipitates (principally CdCOo; 
octavite) under alkaline conditions may control the maximum 
dissolved cadmium concentrations in at least some natural 
freshwaters (Jenne et a_l., 1980). This apparent solubility 
control has been observed in certain mine waters in contact with 
soils of high cadmium concentration. 

Adsorption/Pesorption 

Generally, adsorption reactions may be more important in 
controlling and removing heavy metals from the aqueous phase in 
natural waters than precipitation processes (Callahan al.. 
1979). They may, however, be relatively less important for 
cadmium as compared to precipitation. 

Cadmium has been shown to be adsorbed by a variety of sediment 
solid phase components including hydrous iron, aluminum and 
manganese oxides, clays, soil organic matter and carbonate 
minerals. Disagreements exist, however, with respect to which 
sediment solid phases are most important in cadmium adsorption. 
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hf ?howed that sediment adsorption of cadmium could 
be closely correlated with the neutral or slightly alkaline soil 
conditions. Cadmium adsorbed by sediments was associated with 
sediment organic matter. This cadmium was, however, reported to 
be labile and subject to reassociation with sediment inorganic 
phase exchange sites following solution phase pH decreases. The 
mechanism of labile cadmium release from soil organic phases as 
solution PH levels decrease is uncertain but may relate to 
hydrogen ion neutralization in the sediment organic phase. 
However, Rai and Zachara (1984) have concluded that the soil 
organic fraction does not demonstrate a marked affinity for 
cadmium and apparent cadmium adsorption by organics may reflect 
cation exchange processes. 

The specific adsorption of cadmium to calcite and hydrous oxides 
of aluminum and iron may be the most important adsorption 
mechanism at 'environmental concentrations of cadmium". Evidence 
cited by Rai and Zachara (1984) includes observations that clav 
minerals with adsorbed humic acid do not demonstrate 
significantly increased cadmium adsorption when compared to the 
same clays in the absence of humic acid (Levy and Francis, 1976). 

examinations of cadmium partitioning in soils and 
„6 ;fS/n "1Cke? an<? Kittrick (1984) reported that cadmium 
appears to be primarily associated with exchangeable carbonate 
and Fe-Mn oxide solid phases. The results of these selectiv4 
?"Ctloni studies indicated soil and sediment organic fractions 
to be relatively unimportant in cadmium binding. The hioh 
exchangeable cadmium fraction reported in these previous studies 
suggests that cadmium is a relatively bioavailable trace metal 

The adsorption of cadmium by soils and sediments is influenced 
DH environmental chemical factors including solution p , solution composition and soil cation exchange capacity In 

increasing solution pH levels will increase cadmium 

!j"flonT by inpreasing the negative charge on sediment solid 

Hnn Creasin9' solution ionic strength, particularly when 
dfnr!™*9 ™CIeas\n* calcium and magnesium concentrations, decreases cadmium adsorption through competition for solid phase 
cation exchange sites. K 

Partitioning tn SedimprH-s 

The principal processes affecting cadmium mobility in natural 
soldi "Tn Parthiti0n^g t0 S°ilf b°tt0m aliments suspended 
solids in the water column through adsorption and/or 

mecha?lsms- Evidence suggests that adsorption to 
sediment hydrous oxides, mineral phases and, to a lesser extent 
sediment organic fractions win be the three predominant' 
partitioning mechanisms. 

c c 
b 
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Partitioning to sediments through adsorption processes is likely 
to be more reversible than partitioning processes involving 
precipitation. Desorption from sediments to the aqueous phase 
will occur under certain aqueous phase chemical conditions, such 
as during sudden decreases in aqueous phase cadmium concentra­
tions (a change in equilibrium), increases in solution ionic 
strength (competition for adsorption sites), decreases in 
solution pH (neutralization of surface charge) or a combination 
of these. 

5.2.2 Cadmium at the ViChem Site 

Cadmium was detected in the groundwater of the water table 
aquifer at concentrations of 0-305 ug/1. Cadmium was not 
detected in the subsurface soils. This yields a calculated Kd 
of zero as compared to the literature values in Table 5-8. A 
probable cause for the lack of cadmium on the soil is the 
competition with As III and As V for the cation exchange sites 
on the soil solids surface. However, the possibility of a 
kelated form of cadmium produced at the chemical plant cannot be 
ruled out. 

In either case, with the lack of partitioning to the soil, 
cadmium most likely will be quickly carried away from the site 
by the groundwater. This is supported by the large increase in 
cadmium levels in the monitoring wells between July and 
September 1987. This behavior is typical of a compound with a 
low Kd. Using the groundwater fluxes calculated in the 
Section 3.4, a cadmium flux away from the site can be calculated. 

The flux of cadmium to the stream was calculated for each of the 
flow vectors (see Table 5-9) using the appropriate wells to 
calculate the cadmium concentration. This flux is probably a 
conservative estimate since the wells used do not have the 
highest cadmium concentrations on the site. Thus, the cadmium 
flux can be expected to increase in the short term. The total 
cadmium flux from the site at present is estimated to be 53.4 to 
379 kg of cadmium per year. Note that only the concentrations 
from September 1987 were used for this calculation. Nearly all 
the appropriate wells had near nondetected values for the July 
samples. 

The cadmium transported by groundwater to the stream will most 
likely be immediately bound to the stream sediment or to the 
suspended matter and end up in the bottom sediments of the 
stream. These materials tend to be more reactive, with a higher 
organic matter fraction and greater surface area than aquifer 
soils and are therefore more efficient at absorbing cadmium. 

9237b 
5-35 



TABLE 5-8 

Kd VALUES FOR CADMTTTM 

Kd 
(1/kg) 

Source 

1.7 x 104 Hudson River sediments at Foundry 
Cove, from Deck, 1981. 

2-10 x 104 Hudson River suspended matter based 
on Klinkhammer, 1978; from Deck, 
1981. 

(0.03-30) x 104 Personal discussion with D. Toro 
1986. 

< H 2 
o o 
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TABLE 5-9 
ca transport at sttf 

Groundwater Transport to Blackwater Branch 

Vector Flow Wells TCdl* real * 
(m3/s) EW Arithmetic Geom 

Mean Mean 
(ug/1) (ug/1) 

1 6.8xl0-3 10+13 24 14 

2 3.5x10-3 2+4 2440 165 

3 0.0114 7+8 288 90 

Total Cd Flux 

These values are based on the September measurements only. 

9237b 

Flux 
Arithmetic Geom 

(Kg Cd/yr) 

5.1 3.0 

270 18 

1040 324 

379 53.4 



The surface transport of cadmium, unlike arsenic, is probably 
insignificant since no surface soil concentrations of cadmium 
were found. No cadmium was found in the lagoon waters or sedi­
ments (no leachable cadmium was found during the EP Toxicity 
test of the lagoon sediments) nor in the stream and its 
sediments. This would suggest that the cadmium in the 
groundwater represents a short term release which is no longer 
occurring and has not yet reached the stream. This release has 
been completely leached from the surface soils of the site as 
well. The distribution of cadmium in the groundwater suggests 
that it was associated with the waste storage piles and lagoons 
which existed over the two cadmium concentration maximas. 
5.3 MERCURY 

5.3.1 Geochemistry of Mercury 

Mercury exists in the natural environment in three oxidation 
states: as the native element itself, in the +1 (mercurous) 
state, and in the +2 (mercuric) state. The nature of the 
species which will occur in a given assemblage or will 
predominate in solution depends upon the redox potential and pH 
of the environment. The solubility of metallic mercury in pure 
water has been determined by Sanemasa (1975) to be 19.2 ug/1 and 
81.3 ug/1 at 5°C and 30°C, respectively. 

The abundance of mercury in the earth's crust is difficult to 
estimate. Fleischer (1970) reported that concentrations vary 
between 5 and 1000 ug/kg in common natural materials. 
Considerably higher concentrations have been measured in 
specific formations in mercury-rich regions of the world 
Erickson (1960) estimated that about lO1® metric tons of rock 
are weathered each year worldwide. Using an average mercury 
content for rocks of 80 ug/kg, this would mean that about 800 
raetric tons of mercury are released from rock every year. Since 
typical soils do not contain higher concentrations of mercury 
than the underlying rock, some of this weathered mercury must 
reach the aquatic environment. The mean mercury levels in U.S. 
sandy soils is 0.01 to 0.54 mg/kg (Kabata-Pendias and Pendias, 
19 84 ) . 

Mercury is released into the air by outgassing of soil, by 
transpiration and decay of vegetation, and by volatilization and 
combustion processes. Most mercury is adsorbed onto atmospheric 
particulate matter. This is removed from air by dry fallout and 
ramout. Humic material forms complexes that are adsorbed onto 
alluvium, and only a small soluble fraction is taken up by 

Small clay particles and rainout particles are 
distributed throughout the oceans because of slow settling < 
velocities. Pelagic organisms agglomerate the mercury bearing z 
c ay particles, thus promoting sedimentation and affecting the 
fate of mercury in mid-oceanic chain. Another fate process is o 
the uptake of dissolved mercury by phytoplankton and algae. 2 
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A typical Eft-pH diagram for the predominance of mercury 
species is presented in the paper by Gavis and Ferguson (1972) 
in which only the inorganic system is considered. In natural 
water systems, where pH is likely to fall between 6 and 9 and 
the measured Eh values seldom are higher than 0.5v, metallic 
mercury Hg" and HgS are the species most likely to enter into 
equilibrium with mercury species in solution. The Eh-pH 
diagram for the soluble species in equilibrium with the solids 
phase shows that Hg(OH)2 and HgCl2 are the predominant 
species in most surface waters. 

At low redox potentials observed in reducing sediments, mercury 
is effectively immobilized by sulfide ion. At extremely low 
redox potential and pH greater than 9, the solubility increases 
markedly by the formation of HgS^~ ions. The stability 
field for aqueous mercury constructed by Stolzenburg et al. 
(1986) is shown in Figure 5-8. Bartlett and Craig (1981) have 
summarized mercury chemistry over a wide range of redox 
conditions within the sediment. Fagerstrom and Jernelov (1972) 
and others have reported that the rate or extent of mercury 
methylation is increased when, sediments are exposed to air, 
e.g., on dredging or during ebb tide. 

Two types of alkylated mercury compounds are formed in the 
environment. In compounds with a single carbon-mercury bond, 
the compound acts as a substituted salt and is reasonably 
water-soluble. An example is methyl mercuric chloride 
(CH3HgCl) which becomes CH3Hg+ ion and Cl~ ion in 
solution. The other type involves covalent attachment of two 
carbon atoms to the mercury. Although they are considered 
insoluble, dialkyl, covalent mercury compounds may appear in 
natural waters at trace levels. An example is dimethyl mercury 
(CH3HgCH3) which is volatile and is undissociated in 
solution. The chemistry of methyl mercury species and 
equilibria in aqueous solution have been discussed in detail by 
Burrows si. si- (1974) and Rabenstein si. a_l. (1975). 

Methyl mercury is produced in sediments by bacteria through the 
methylation of inorganic mercury (Hg2+) (Spangler et al., 
1973). Two types of methylation are possible: microbial 
(enzymatic) and chemical (non-enzymatic by methylcobalamine). 
They have noted the presence of bacteria capable of degrading 
methyl mercury to methane and HgO which volatilizes and 
escapes into the atmosphere. The rate is higher with suspended 
material and in the surficial sediment rather than deep sediment 
(Jernelov, 1970). Formation of dimethyl mercury is not favored 
in acidic environments (Gavis and Ferguson, 1972), and the 
amount of dimethyl mercury formed is usually several orders of 
magnitude less than that of monomethyl mercury ion, CHoHq+. 
Fagerstrom and Jernelov (1972) reported the formation of both 
species in organic sediments at various pHs, with a maximum 
dimethyl mercury production at pH 9 and a maximum production of 
methyl mercury at pH 6. 
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Stability fields for aqueous mercury species at various Eh and pH 
values (chloride and sulfur concentrations of 1 mM each were used 
in the calculations) Common Eh-pH ranges for groundwater and the 
site are also shown. 

FROM HEM, 1970. 

MEAN pH & Eh FOR THE SITE U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 5-8 
pH-Eh OXIDATION-REDUCTION 
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DIAGRAM FOR MERCURY M 
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Lee et al. (1985) studied the catalytic effect of various metal 
ions on the methylation of mercury in the presence of humic acids 
(HA) . This process may be important during the vertical trans­
port of Hg from the surface to the water table. Methylmercury 
production (in dark reactions during 2 to 4 day incubations at 
30 C) increased with the concentration of mercury ions and 
fluvic acid as well as with the addition of metal ions. Metal 
ions competitively reduced the Hg bonding with HA, thus freeing 
it for methylation. The observed catalytic activity of metal 
ions followed the order: Fe3+ > Fe^+, Cu^ + , Mn^ + > 
Al • The production of methyl mercury had a pH optimum of 4 
to 4.5. 

Bartlett and Craig (1981), from their study of the Mersey 
Estuary, noted a positive correlation between total mercury, 
methylmercury, silt and organic carbon. The greater the organic 
or silt content of the sediment, the higher the mercury content 
was per gram of sediment. 

The proportion of methylmercury to the total amount of mercury 
in waters is significant at approximately 30%. The 
concentration of Hg + was 50% and the remaining 20% were other 
species (Kudo, 1982). Modeling of mercury dynamics indicated 
that mercury in well water is highly unlikely to be methylated 
to the toxic methylmercury form (Stolzenburg e£ a_l., 1986). 

Metallic mercury, with its uniquely high vapor pressure relative 
to other metals, can enter the atmosphere from the aquatic 
environment as several different gaseous compounds. This factor 
makes volatilization important for the aquatic fate of mercury. 
The rate of vaporization of mercury and certain of its inorganic 
compounds decreases in the sequence Hg > Hg2Cl2 > HgCl? > 
HgS > HgO according to the data of Koksay and Bradshaw (1969). 

Presumably, the microbial methylation of mercury would enhance 
the evaporative loss of mercury. Although monomethyl mercury 
compounds are the principal product of biological methylation 
rather than the non-ionizable dimethyl mercury (Jensen and 
Jernelov 1969), a net increase in volatility should result. 
Because of limited quantitative data available on the subject of 
the volatilization of mercury compounds from natural waters, it 
is not clear what impact volatilization will have on the overall 
fate of mercury in the aquatic environment. 

Mercury shows a tenacious affinity for surfaces of many types. 
The problems of storing dilute aquatic mercury samples in glass 
vessels have been well known for years. In natural samples, a 
^lhT I-0f! V1® t/otal mercury has been found associated < 
fh! J56fPar 6S (Hinkle and Learned, 1969). Studies on § 

a?dlVr mercury to a variety of natural samples have 
lead to the same conclusion. Carr and Wilkniss (1972) found ° 

10aCV-Ve ^ercury' when ^ded to stored samples, was ° 
rapidly apportioned onto the particulate phases with half-lives 
for adsorption of less than one to 50 hours. This experiment -

CO 
00 
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indicated that the adsorbed species are probably not methviatod 
mercury compounds. The work of Kudo at al (1977) sunnnrt* Jh 
agr Mr-war sr S* 

Reimers and Krenkel (1974), in their study of mercury adsorntinn 
and desorption on sediments, reported that at a constantdhIho 
adsorption of inorganic mercury is affected by aquatic chloric 

capacity depending upon 
^edo?ae?fhibited 3 CaP3City t0 SOrb -thylmercurT'thTt "IS 

organics >> illite >> montmorillonite >> sand 

lm£rB\attZ£?& isbvbound flstrTly mobilization. transported by sedimentary 

(II)6with ™y 
the whole pH range of 4 to 12 The* HO^T T N  C0Precipitated over 

cor?elateS 4ubw"h Vhe "isjtI™Wol55Tfthyl mercury) and H9C12 
1986)CabThe ,eXCkhanf9e opacity (CEC) of Hils Tsemu" IT li" 

In summary, it is Pvmon( o-
theoretical considerations t-h.t 1 envlEonmental studies and 
sediments is probably themos^ aasorP«°n onto the 
the fate of ^determining 

5,3,2 at the Vineland rhPmioa1 r.nmpany 

The most probable sources of mercury in the soil«? of fho • *. 
orgeanfcCforLsbaaSre Oxidized''h"6* " tSi" 
absorption on sand and ronroo- •+. 4.- s°il and groundwater, the 
bind mes^efit to the soils The Vaek Wifth ir0n M0Uld probabl> 
the waters of the site suggests a very h/o " 1 ® • "f r C " r y ir • 
the high adsorption concent 7 7 ̂  9 Kd' consistent witl i 

at least when ^iJd&o* S 
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states indicated by iron and pH suggest that mercury solubility 
potentially has a broad range based in Figure 5-8. The lack of 
mercury in the groundwaters would suggest that the soil-bound 
mercury is in some highly insoluble or surface reactive organic 
or inorganic form and is not governed by the equilibria 
described in Figure 5-8. Figure 5-8 shows mercury equilibria 
and solubility in the presence of low. chloride and sulfur 
levels. Although these chloride and sulfur levels are above 
those expected at the site based on U.S.G.S. measurements at 
Norma, New Jersey, they are sufficently close so that the figure 
can still be used to demonstrate the difference between site 
conditions and those of mercury equilibria. 

The potential impact of mercury on the waters leaving the site 
and entering a stream appears very small since no dissolved 
mercury was found. Thus all water on the site would meet the 
New Jersey and federal clean water standards for mercury. It is 
possible, however, that during the site remediation, certain 
cleanup techniques such as groundwater "pump and treat" will 
rai?f. the groundwater Eh and greatly increase the mercury 
mobility. 2 

The range of mercury found on the soils of the site (0-11 mg/kg) 
oes indicate significant anthropogenic contamination when 

compared with background levels for mercury on sandy soils of 
0.01 to 0.54 mg/kg. 

5 .4 LEAD 

5.4.1 Geochemistry of T.c>ad 

Lead exists in three oxidation states, 0, +2, and +4. Although 
neither metallic lead nor the common lead minerals are 
classified as soluble in water, they can be solubilized by some 
acids; in contrast, some of the lead compounds produced , . - MIUUUVJEU industrially are quite water soluble. Therefore', natural 
compounds of lead are not usually mobile in normal groundwater 
°U S K /Cu "ater. because the lead leachate from ores becomes 
adsorbed by ferric hydroxide or tends to combine with carbonate 
or suitate ions to form insoluble compounds (Hem, 1976) . 

The average abundance of lead in the earth's crust is 
approximately 15 mg/kg (Lovering, 1976) which is equivalent to 
one-half ounce of lead per ton of rock. Shales and 
unconsolidated sediments have a mean lead abundance close to the 
crustal average, showing the fairly even distribution of lead in 
the environment. The range of concentrations of lead in sandy 
soils in the US is <10 to 70 mg/kg. 

Lead in soil may be derived from natural or anthropogenic 
sources. The natural sources include weathering of rocks and 
SSinrf hioP0S1!|S'4- vo^anoes (mantle degassing), fires, and 
wind-blown dust. The anthropogenic contribution of lead in 
soils is a relatively recent event (100 years or so), but it has 
increased to such an extent that the build-up of leac 
concentrations in many soils has significant biological effects. 
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Lead^ exists in aqueous solution almost entirely as Pb (II) 
species. The equilibrium reaction Pb4+ + 2e~ < > pb2+ 

has a pe value of over +21, and thus Pb(IV) species exist only 
eXif/eTmTeN 7 r oxldlzin9 conditions (Cotton and Wilkerson, 

y 2). Pb(II) forms a number of hydroxide complexes. These 
Pb(OH?+ s + «b£°H>2* ^ pb(°H)3 • Lead is predominantly 
DK/nu\ } • an activities less than 0.001 M 
Pb(OH)3 dominates above pH 10.9 and polynuclear species 
dominate when total Pb > 0.001 M (EPA, 1986). 

An outstanding characteristic of lead is its tendency to form 
complexes of low solubility with the major anions of natural 
environmental systems. The hydroxide, carbonate, sulfide, and 
(more rarely) the sulfate of lead may act as solubilty 
controls. If sulfur activity is very low, metallic lead can be 
a stable phase in alkaline or circumneutral reducing conditions. 

Huang et al. (1977) calculated the equilibrium solubility of 
lead as a function of pe for a system with total carbonate and 
total sulfur concentrations of 10"3 M at pH 7. Fiqure 5-9 
shows the solubility of lead and the controlling solid species 
tor the pe range encountered in natural waters. 

Dissolved lead may be hydrolyzed to form Pb(OH)->. Patterson 
yt al (1977) studied the formation of Pb(OH)2 versus PbCO? 
to determine the feasibility of treating lead-containing water! 
wlJhL. carbonates. They found that PbCOo controls lead 
solubility at pH 11.5. Even small concentrations of inorganic 
carbonate due to dissolution of atmospheric C02 are sufficient 
to reduce the solubility of lead to concentrations below those 
predicted on the basis of hydrolysis alone. It should be noted 

concentrations were reduced nearly to the computed 
UmitS "ithin £°Ur h0UrS; thus' Precipitation °£PieIa 

carbonate can occur quickly. 

Lead forms organic complexes with various ligands: amino acids, 
proteins, polysaccharides and fulvic and humic acids. At the 
low concentration in which lead is normally found in the aquatic 
environment, almost all of the lead in the dissolved phase may 
be complexed by the ligands of river water. By using an 
ion specific electrode, Ramamoorthy and Kushner (1975) 
ornan?ined th3t *lead bindin9. capacity was predominantly due to 
organic compounds. Inorganic complexes were not important 
reSoLutu^Vhl thf Uatet SampleS' ashinp the residue, and reconstituting the ash in water resulted in complete loss of the binding capacity. (in waters with a high carbonate 
concentration, however, binding by HCCH- or QOn-2 i 
important). J 3 

orS^n?? an+ S^Ppen <1978>. investigated the behavior of lead an 
organic matenais at a simulated sediment-water boundary. Th 
carbonateOI1rSparfVOlVe^ v. s°rPtioP b7 clays, organic complexino carbonate reactions, hydrolysis, and desorption of lead frc 1 

clay and metal hydroxides. They found that organic acic 
decreased the solubility of lead in the presence of cla, 'I 
particularly at acidic pH values. This organic complexing i t 
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KEY: 

A = Pb02 

B = Pb3 (0H)2(C03)2 
C = PbC03 
D = PbS 

modified from huang et al. (1977). 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE & sr 

FIGURE 5-9 o i—i 
SOLUBILITY OF LEAD 
AS A FUNCTION OF pe £ 
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probably due to colloidal coagulation. The organic acids 
moreover, proved capable of remobilizing lead from the solid 
Phase There is, however, a general kinStic hindrance to ?hi2 
desorption, particularly at basic pH values. 

l a u l l^lkYl* lea<l comP°unds apparently can be formed in natural 
aquatic sediments. They can have serious implications for 

made pollution of waterways because tetralkyl lead is 
considerably more toxic than inorganic lead. Craig and 
2®??°^?lkls (1985> demonstrated the production of methyl lead 
aqents They10^ so react.i°i1 °f Pb(II) ions with CH3 donor 

'h.Tahc!y alf° su?̂ sted some reaction mechanisms. Two 
qfi hr fiy 4-K in rainbow tr?"t) in hard water resulted in a 

50 (lethal concent rat ion with 50% survival) of 1 ?? 
and 1.47 mg/1 dissolved lead with a total lead LC5„ of 542 and 
deln?tratedretraCttltVHlya <DaV1iSeet ̂  ' 1976)' Th" "Pe"™? demonstrated that the dissolved fraction is directly toxic to 
fish in aquatic environments. 7 C t0 

Sorption processes appear to exert a dominant effect on the 
hav̂ V'eooVted0 thaetad in th® ®nviro"ment • Several investigators reported that, in aquatic and estuarine systems l̂ ari •; e 
removed to the bed sediments in close proximitytoits source 
apparently due to sorption onto the sediments (Helz et al. 1975-
invoked S ' • Different sorption mechanismT have beeA 
Jhlco m H . investigators; the relative importance of 
these mechanisms varies widely with such parameters as 
and pa^ticuTatl1^' PH' Eh< availability of ligands, dissolved and particulate iron concentration, salinity, comoositinn nf 
suspended and bed sediments, and initial lead concentration. 

The adsorption of lead to soils and oxides was studied by Huang 
u j j1977)- The data indicate that adsorption is hiahlv 

pH dependent, but above pH 7, essentially all of the lead is in 
roS solld Phase- It should be noted that at low pH, lead is 
repelled from the adsorbent surface. The addition of organic 
5heref«e9 th* affinity for also 
reflets n^e1-Cy, ?r • lead t0 be adsorbed probably 
materials in tho f lead . iS strongly complexed by organi c 
TQ7^ u the aquatic environment (Ramamoorthy and Kushner 
1975) Huang et al. (1977) speculate that the increased 
to30̂  'free"6 elect* abiliby of the ™etal-ligand complexes 
electro^i^.lie solid surfaces'. faCllitatin^ -orption to 

< M 2 
o o M 
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Several authors, notably Jenne (1968), Lee (1975), and Hohl and 
Stumm (1976), have hypothesized that the sorption of heavy 
metals by hydrous iron and manganese oxides is a major control 
on the mobility of these pollutants in the aquatic environment 
On the basis of a high correlation between the lead, iron and 
manganese concentration in sediments, Angino &1. (1974) 
suggested that sorption by iron and manganese oxides is the 
dominant sorption process in several Kansas streams. Gaddle and 
Laitmen (1973) demonstrated that hydrous iron oxides have a hiqh 
sorption capacity for lead, sorbing as much as 0.28 moles lead 
per mole iron at pH 6. The ability of hydrous iron oxides to 
sorb lead increases with increasing pH. At pH 8.1, 91% of the 
added lead was sorbed. When the pH drops, however, lead may be 
desorbed. Although the relative importance of individual 
sorption processes varies widely, it appears that, in most 
circumstances, lead is effectively removed to the sediments bv 
sorption. 1 

In summation, the transport of lead in the aquatic environment 
is dominated by the sediment bound phase, which in turn is 
influenced by the speciation of the ion. Although lead will 
exist mainly as the divalent cation in most unpolluted waters 
and become sorbed into particulate phases, organic material in 
polluted waters will have a great effect on the chemical form in 
which lead will be present. 

5-4.2 Lead at—the Vineland Chemical Company K-it-p 

The levels of lead found in the soil material (from non-detect 
/?n I are Wlthin the range of lead in sandy U.S. soils 
(1° t?. mg/kg) as shown in Table 4-3. There are, however, a 
significant number of values above the background lead level 
determined from Ebasco wells 1, 9 and 12 of about 2 mg/kg, 
indicating some small scale contamination. The aqueous levels 
?fn /iar® fairly low with a range from the non-detect limit to 
110 ug/1 in the groundwater. No lead was found in the lagoon 
water, suggesting that lead is no longer being released at the 
site. The presence and similar range of aqueous lead in all of 
a l t  gr°undwaters at the site would suggest that most of the 
detected levels are naturally occuring with an occasional local 
contamination. At these lower levels and frequency o£ 
occurrence, sample contamination may also be a factor. 

The range of soil and water lead levels give Kds of 100 to 600 
a?seni£in9 This hiaJ0^11^ f°r -lead relative to cadmium and 
S: Thia high Kd 1S consistent with the measured high 
absorption rates for lead in the literature. The level of 
aqueous lead in the groundwater is mostly less than the New 
Jersey and federal clean water requirements of 50 ug/1 with only 3 

samples above this limit. y 2 six 

o o 
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The presence cf iron oxides on the site soils probably provides 
a significant number of sites for lead absorption. The lack of 
organic materials in the aquifer soils would suggest that the 

I t  in ,an inor9anic although it is highly possible 
that the releases from the plant or the surface soils at the 
site could supply a sufficient number of ligands to tie-up lead 
as organic dissolved and particulate forms. 

5.5 TRICHLOROETHYLENE 

5.5.1 Geochemistry of Trichloroethyl 

Trichioroethyiene (TCE) is a colorless, highly volatile liquid 
that has been used mainly as an industrial solvent in the liquid 
°,ni vapor ^°rn\ for degreasing of metal parts before finishing 
(Clayton, 1981). It is also used as a dry cleaning solvent, an 
extractive solvent in food production, and a chemical 
intermediate or solvent in the production of pesticides, waxes 
gums, resins and tars (USEPA, 1975). It has found some limited 
application as an inhalation anesthetic and analgesic durinq 
certain short-term surgical procedures but is no longer used for 
these purposes in the United States (Huff, 1971). 

TCE does not occur naturally in the environment. Volatilization 
of TCE during production and use is the major source of this 
compound in the environment. TCE is one of the most commonly 
found contaminants in groundwater (Dyksin £t. JLI. , 1982). in 
addition, it has been detected, in air, food, and human tissues 
(Pearson and McConnell, 1975). 

TCE is not expected to persist in the environment. The 
processes that affect the transport and removal of 
trichioroethyiene include volatilization, adsorption/desorption, 
and degradation. 

Volatilization 

Trichioroethyiene, as evidenced by its Henry's Law Constant 
(9.1 X 10 atm-m -Vmol), is volatile (see Table 5-10). In 
surface waters, volatilization is considered the most 
significant fate of TCE (Versar, 1979). Volatilization rates 
are dependent upon temperature, water movement and depth 
associated air movement, and other factors. The volatilization 
half-life of TCE from a rapidly moving, shallow river (1 m deep 
flowing at 1 m/s with a wind velocity of 3 m/s) has been 

b€L 3,4 .hours (Lyman al. 1982). Estimated 
olatilization half-lives from representative environmental 
?fdays^EPA,T985) dayS; 4 t0 " ̂  and tiVeI' 1 tf 

Little data are available on the volatilization rate > 
TriCrt!0or0fethyiene. from soii. in soil column studies, loss £ 
32.8% (walke™ 19845" " "" Calculatefl t0 ran<>e £rora ".6 £ 
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AdsoTPtion/PesorDti nn 

Trichloroethylene has been shown to adsorb to various soil 
components, including clay, humic acid, lignin and other organic 
matter (Garbanni, 1986). 

The relationship between the amount of trichloroethylene sorbed 
to solid phase soils and the aqueous phase trichloroethylene 
concentration is often expressed.as the Freundlich isotherm 

X/M = KCi/n 

Where X = mass of trichloroethylene sorbed (mg) 

M = mass of sorbent (kg) 

^ — equilibrium trichloroethylene concentration 
in the aqueous phase (mg/1) 

K = a partition or distribution coefficient 

1/n = a constant indicative of adsorptive capacity. 

-K7^- = i'u thS e^uation describes a partitioning or 
distribution between the two phases by a linear relationship. 

The equation for the linear isotherm is 

X/M = KC 

This linear isotherm equation has found wide use in manv 
soil adsorption studies, particularly at low solute 
concentrations. 

Related to the linear partition coefficient is a coefficient 
/ which is based upon the absorption by organic 

"^i„Kt^soUen B fUnCti0n °f the °f """1 = 

The relationship is: K = Koc foc 

Where foc = fraction of organic carbon in adsorbent, 

ofCK°incTildef demonstrated to influence the magnitude 

1. Octanol: water partition coefficient (Knw) . K ,̂, can be 
estimated from Kow by the following equation: 

Koq = 0.63 Kow (Karickhoff, 1981) h 

o 
o 
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2. Particle size of soil. Since adsorption is a surface 
phenomenon, the extent of adsorption should be directly-
related to the surface area of the adsorbent (soil), which 
in turn is related to particle size. (Karickhoff, 1979-
Schwayenbach, 1981) . ' 

3. Organic carbon content of soil. Experimentally measured 
trichloroethylene partition coefficient values have been 
reported to range from 58.1 to 155.8 1/kg for soils of 
differing chemical composition (Walker, 1984, Seip ei a_l 
1986; Garbarini and Lion, 1986), indicating high soil 
mobility. Significant movement of trichloroethylene in soil 
was also demonstrated in a field study when trichloro­
ethylene was observed to infiltrate rapidly from river water 
into groundwater (Schwayenbach, 1983). 

Degradation 

Chemical degradation 

The primary transformation process for trichloroethylene in the 
atmosphere is reaction with sunlight-produced hydroxyl radicals 
(Singh et a_l. , 1982). The half-life of trichloroethylene was 
estimated to be 6.8 days, and the degradation products of this 
reaction was reported to include phosgene, dichloroacetyl 
chloride, and formyl chloride (Atkinson, 1985). On the other 
hand, trichloroethylene in water can resist hydrolysis at 100°C 
(Drilling ei a_l. , 1975). USEPA reports that under normal 
conditions, TCE is not hydrolyzed in water (USEPA, 1979). in 
addition, oxidation and photolysis are not environmentally 
important processes for trichloroethylene in water (Callahan et 
al., 1979) . 

Biodegradation 

Biodegradation of trichloroethylene occurs under anaerobic 
condition in soil. The primary product is 1,2 
dichloroethylene (with cis isomer preferred over trans isomer), 
TOO .W1+;h 3nial1 amounts of vinyl chloride production (Kleopfcr' 19 8 5) • 

5-5-2 Trichloroethylene at the VinPland s-H-o 

The very low level of fines and the low organic carbon content 
in the soils of the site would suggest a low value for the 
partitioning coefficient (Kd) for TCE. The lack of any 
measurable TCE on the soils along with the very low dissolved 
Trunin 1hQt groundwater also suggest a very low Kd. Thus, 
TCE can be expected to move fairly rapidly from the groundwater 
under the site to the nearby streams. The lack of any TCE in 
the surface soils or lagoon waters and its concentration in the 
mid-depth aquifer would suggest that TCE is not being released 
at the site at present. Given the short-term variation seen in 
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«uJCof"hee?^aiiR0ninri?-S°^°£ -the "ellS- the most Probable 
on the site ?L ? dumping and spills which occurred fhoJf Slte- The low concentrations of TCE would indicate that 
these releases were either relatively small or t-hav 
TCE evaporated through the soil. The possibility that the icE 
has an off-site origin cannot be completely ruled out 
chemical degradation of TCE is probably not important on this 
sue 'me lactSohf°rt resi^n« time of groundwater under thl 
that'thisor ' anaerobic breakdown products would suggest that this process is not important either, although there was no 
process «s-l,2 dichloroethene, the main product of this 

< M 2 
o 
o 
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6.0 BASELINE RISK ASSESSMENT 

The public health evaluation of the ViChera plant site area had 
two objectives. The first was to assess the nature and extent 
of potential public health risks associated with the plant in 
its present condition. This allows a decision as to whether or 
not the plant requires remedial action. The second was to help 
determine cleanup levels if it is decided the area requires 
remediation. 

A public health evaluation involves four steps. The first step 
is to identify indicator chemicals to address potential public 
health and environmental concerns. A toxicity evaluation and a 
dose-response assessment provide qualitative and quantitative 
evidence to determine whether the contaminants detected at the 
site may be associated with adverse health and/or environmental 
effects. The second step identifies critical exposure pathways 
and defines receptors at risk via each potential exposure 
pathway. In this evaluation receptors are considered to be 
individuals that may be exposed to toxic chemicals. The third 
step determines the plausible site-specific scenarios that cause 
exposure of contaminants to the identified receptors and the 
most likely concentrations associated with these scenarios. The 
values are then used to calculate the critical exposure pathways 
for more "typical" site conditions. The final step in the 
process is the calculation of the risks. 

6.1 SELECTION AND TOXICOLOGICAL EVALUATION OF INDICATOR 
CHEMICALS 

6.1.1 Selection of Indicator Chemirals 

Over 40 chemicals were detected in and around the ViChem plant 
site. To simplify the risk assessment process, the results of 
the investigations were reviewed and the chemicals most likely 
to contribute to potential human risks were selected for 
detailed examination. The selection of these indicator 
chemicals was based on their concentrations and frequencies of 
occurrence, and upon their toxicological, physical, chemical, 
and environmental fate characteristics. As part of the 
selection process, the concentrations of the potential inorganic 
pollutants detected were compared to naturally occurring 
background levels to determine which were present in abnormally 
high concentrations. Background levels for several inorganics 
in New Jersey and US soils are shown in Table 4-3. All 
chemicals present in high concentrations were noted. However, 
particular attention was given to those chemicals that were 
known to be used, manufactured or stored at the ViChem plant. A 
list of the chemicals linked with production activities is shown 
in Table 1-2. 
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Groundwater 

Groundwater was sampled in two rounds (July and September, 1987) 
from 11 existing ViChem monitoring wells and 36 monitoring wells 
installed by Ebasco. As described in Sections 2.5 and 2.6, the 
shallow wells were located in the upper portion of the' upper 
sand, medium wells were located at the base of the upper sand, 
and deep wells were located at the base of the middle sand. 
Groundwater samples were also taken from an on—site production 
well. This well extends into the Upper Kirkwood aquifer to a 
depth of 130 feet. It is located upgradient of the production 
area and is used to supply process and cooling water for the 
still~3ctive facility. Several organic and inorganic compounds 
were detected in groundwater samples from every depth. Results 
of the sampling are shown in Table 4-5 and are discussed below. 

Orqanic—Compounds. Acetone, methylene chloride, trans-1,3-di-
chloropropene, bromoform, carbon disulfide, 1,1-dichloroethane, 
carbon tetrachloride, benzene, and tetrachloroethane were 
detected infrequently at low levels in several groundwater 
samples. Diethyphthalate, bis(2-ethylhexyl)phthlate, di-n-octyl 
phthalate, diethylphthlate and indeno—[1,2,3—cd]pyrene were each 
detected once or twice; however, all concentrations were below 
4.0 ug/1, with the exception of indeno-[l,2,3-cd]pyrene, which 
was detected at 20 ug/1. Chloroform and 1,1,1-trichloroethane 
were detected more frequently (8/95 and 16/101 samples, 
respectively); however, their concentrations were also low 
(1.0 ug/1 to 6.7 ug/1) and all but one detection were flagged as 
estimated. Due to the infrequency of detection and because 
there is no reason to assume that these low-level detections are 
associated with the activities of the ViChem facility, none of 
these compounds were selected as indicator chemicals. 

Low concentrations of pesticides and PCBs were detected 
infrequently in wells at every depth. The distribution of the 
pesticides and PCBs showed no distinct pattern of contamination 
that would suggest that these chemicals were originating from 
the ViChem plant (Figure 4-13). The only PCB detected was 
ww°? n 1254 and 17 ug/1) at the medium depth wells EW-6 and 
EW-1. Because none of the compounds detected were thought to be 
site-related contaminants, none were selected as indicator chemicals. 

Trichloroethene was detected in 22 out of 101 samples in 
concentrations ranging from 1.0 to 1600 ug/1. The highest 
levels of contamination were found in medium depth wells in the 
vicinity of chicken coop #3 (MW-6 and EW-14; Figure 4-12). 
richloroethene has been associated with activities at 
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the ViChem plant and was selected as an indicator compound in groundwater. 

Inorqanxo Compounds. Most inorganic compounds on the Hazardous 
?Tah^n4% f HSL) W6/e detected in groundwater samples 
-$Q4 Jnn /i A*senic was detected at concentrations from 2.1 to 394,000 ug/1 and was found at all depths. However, the highest 
concentrations and greatest frequency of occurrences were found 
in intermediate and shallow wells in the areas around the 
production/lagoon area and in the southwest corner of the study 
area near chicken coop #3 (Figures 4-7, 4-8 and 4-9). Cadmium 
was detected in 43 out of 100 samples in concentrations ranging 
from 4 9 to 9580 ug/1. In a pattern similar to arsenic, Jhe 
highest concentrations of cadmium were found in intermediate 
groundwater below and downgradient of the lagoon area and in the 
"hot spot" near chicken coop #3 (Figures 4-10, 4-11) The 
history of arsenical herbicide, fungicide, and biocide 
manufacturing and cadmium usage by ViChem, coupled with the 

frnm^'nf °v-A plume °f arsenic/cadmium contamination originating 
(IhZ h "zChem Production/lagoon area and extending northwest (the direction of groundwater flow), strongly suggest that 
ViChem is the source of the high concentrations of arsenic and 
cadmium found in the area. Arsenic and cadmium were selected as 
indicator compounds in groundwater. as 

Lead was detected in 40% (27/68) of the total wells tested. Con­
centrations ranged from just above detection limits to levels 
exceeding primary industry drinking water standards (3.0 to 110 
nci MreTCraUSf detectio" was frequent and levels exceeded the 
MCL and MCLG, lead was selected as an indicator compound. 

or^stc^red"6^tUVho a^jnum and iron have been used, manufactured 
or stored at the ViChem plant, these compounds were detected 
infrequently or at concentrations consistent with expected 
background values and, therefore, were not chosen as indicator 
Si thin*™' ,remainder of inorganic compounds also fell within normal background levels. 

SumMiy. m summary, trichloroethene, arsenic, cadmium, and 
nffo • chosen as indicator chemicals for groundwater 
??nn n? e statl®.tlcs are given in Table 4-6 and the distribu­tion of concentrations is shown in Figure 4-6. 
Surface water Magoon wafpr^ 

laaoons ta^6n fr°m both lined and unlined 
liSa Hinh o 4"15) during both rounds of groundwater samp-
lagoons ̂<69r ?finnn /A°nS arsenic were detected in the line" lagoons (698-3600 ug/1), and arsenic was therefore selected 
of arsenic0rriCihemi/M f°r \agoon water- A lower concentrati < 
Sfet- t 3 «g/l) was found in the unlined lagoon, whe * wastewater entering these lagoons is mixed with nonconta 2 

o 
o 
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cooling water obtained from the on—site production well. 
Aluminum, chromium, iron, manganese, mercury, nickel and other 
inorganics were also detected in lagoon samples, but were not 
considered to be at unusually high concentrations (Table 4-8). 
The base-neutral compound bis-2-ethylhexylphthalate was detected 
only m the second round of sampling (16, 20, and 26 ug/1), but 
may be present as a result of lab and/or field contamination and 
was not considered to be a contaminant of concern. 
River Water Samples 

Surface water from the Blackwater Branch of the Maurice River 
was sampled for organic and inorganic contamination. No organic 
compounds other than a few lab contaminants (Table 4-10) were 
detected in river samples and all inorganic compounds with the 
exception of arsenic were considered to be within normal 
background ranges. Arsenic was detected above the background 
levels in all samples (6/6) in concentrations ranging from 4 8 
to 6200 ug/1 (Figure 4-14). Arsenic was therefore selected as 
an indicator compound. 

Soils 

Surface soils samples were taken throughout the ViChem plant 
property at 98 sample sites (Figure 4-1) and from near the 
unlmed lagoons (Figure 4-15). Samples were taken from nearby 
off-site areas (Figure 4-5) to address the possibility of 
contaminated soil being blown off-site by the wind. Chicken 
coops that were suspected of being contaminated at the beginning 
of the study were sampled for arsenic-containing dust. To 
examine subsurface soils, Ebasco drilled 29 soil borings (Figure 
4-3 and 4-4). Additional subsurface soil samples were obtained 
during the construction of the 36 Ebasco monitoring wells. 
Subsurface soil samples were also taken from five designated 
boring locations in building #9. Table 4-1 shows a summary of 
the chemicals that were detected in the surface and subsurface 
soils in and around the ViChem facility. 

Orqanic—Chemicals• Diethylphthalate and butylbenzylphthalate 
were detected at low concentrations in several soil samples but 
were not chosen as indicator chemicals because they are common 
aboratory contaminants and are not likely to be associated with 

the manufacturing operations. Dieldrin, 4-4-DDT, and bis-2-
ethylhexylphthalate are relatively commonly occuring environmen­
tal contaminants and are not specific to this site. As these 
chemicals were only found infrequently and at low concentrations, 

chemicals were not selected for further consideration. 
Although methylene chloride is a common laboratory contaminant, 
it was detected at high concentrations in several subsurfac* 
soils. Methylene chloride was detected in 15/42 trip and fielc < 
blanks at concentrations ranging from 3 to 1000 ug/1. £ 

t0 fre<3uent lab and/or field contamination and almost 40® ° 
of the samples (26/68) being rejected for methylene chloride, 2 
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M3S selected as an indicator chemical for 
subsurface soils. No other organic chemicals were detected with 

frequency to justify their selection as indicator 
chemicals. Therefore, no organics were chosen as indicator chemicals. 

Inorqaruc Chemicals. Barium, calcium, potassium, sodium, nickel, 
magnesium, lead and zinc were detected in several samples. How-
evef' .le.vels were considered to be within the range of normal 
variability for naturally occurring elements. Because these 
compounds are not associated with the processes at this site 
they were not chosen as indicator chemicals. Arsenic, aluminum' 
iron, and mercury are chemicals that are known to be associated 
with the operations at the ViChem facility. Arsenic, iron and 
mercury were detected frequently in surface soils. Given that 
the local soils are naturally high in iron, the concentrations 
or iron detected did not appear to be above background levels. 
Mercury did not appear to be present in subsurface soils at 
concentrations exceeding the normal range of variability for 
naturally occurring elements. However, it was detected at hiqh 
concentrations in surface soil samples. Off-site soils were 
analyzed for arsenic only and 12 out of 17 samples showed 
arsenic ranging from 0.9-78 mg/kg. (The highest level detected, 
78 mg/kg, was sampled close to the soil dumping area by EW-15. 
This area was resampled, further removed from the dumping area! 
and arsenic was undetected at a detection limit of 2 mg/kg). 
Therefore, arsenic was chosen as an indicator chemical for 
subsurface and off-site soils and both arsenic and mercury were 
selected as indicator chemicals for surface soils. Descriptive 
statistics for arsenic and mercury detected in surface soils are 
given m Table 4-2 and statistics for arsenic in off-site soil 
samples are given in Table 4-4. Histograms of concentration 
distributions are given in Figure 4-2 for surface soils and 
Figure 4-4 for off-site soils. 

River Sedi meni-p 

Sediment samples were analyzed for arsenic and iron at three 
?? thG ®lackwater Branch (Figure 4-16). Arsenic was 

in a11 aamPles at levels ranging from 61-6200 mg/kg and 
therefore selected as an indicator compound. Although iron con­
centrations were high (1470-47800 mg/kg), high iron 
concentrations are common in this area of New Jersey and the 
toxicity of iron is low. Therefore, it was not selected as an indicator compound. =v,ucu as an 

Lagoon Sediments 

Sediments from unlined lagoons were analyzed only for arsenic 
r lfrafrsenic was- detected in all lagoon sediment samples 

in concentrations ranging from 25-185 mg/kg. iron was found in 
731 300? mn/kn samples in concentrations ranging from 
barkaJnnn*i wh*ch were not considered to be above the normal 
background level for this area. Therefore, only arsenic was 
selected as an indicator chemical. 
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Chicken rnnps 

Chicken coops were sampled for inorganic compounds only. High 
levels of arsenic, cadmium, lead, mercury, and zinc were 
detected in dust samples taken from the coops (Table 4-7) . 
Hence these compounds were retained as indicator chemicals. 

Summary. Arsenic was chosen as an indicator for off-site soils, 
subsurface soils, river sediments, and lagoon sediments! 
Arsenic, cadmium, lead, mercury and zinc were selected as 
indicator compounds for the chicken coop. Arsenic and mercury 
were chosen as indicator chemicals for surface soils. 

Overall, the following chemicals were selected as indicator 
chemicals at the ViChem site: 

Groundwater 

o Arsenic 
o Cadmium 
o Lead 
o Trichloroethene 

Laooon Water  

o Arsenic 

River Water 

o Arsenic 

Surface Soil 

o Arsenic 
o Mercury 

Off-Site Soil 

o Arsenic 

Chicken Coops 

o Arsenic 
o Cadmium 
o Lead 
o Mercury 
o Zinc 

Subsurface Soil 

o Arsenic 

Lagoon Sediments 

o Arsenic 

6.1.2' Toxicoloqical Evaluation 

This section provides a review of the scientific data regarding 
the health and environmental hazards associated with exposure to 
the indicator compounds, and presents the toxicity criteria that 
will be used to determine whether the site-associated contami-
naJ}ts P°se cHrrent or Potential future hazards to human health 
and the environment. The Superfund Public Health Evaluation 

<USEPA' 1986b) recommends that potential risks to human 
health be assessed by comparing the concentrations of the indica­
tor chemicals present in and around the site with criteria that 
have been recommended for the protection of human health and the 
environment. The criteria suggested by the EPA for this purpose 
are referred to as applicable or relevant and appropriat* 
requirements (ARARs) and include drinking water maximui < H 2! 

o 
o 
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contaminant levels (MCLs) and maximum contaminant level goals 
(MCLGs), Federal Ambient Water Quality Criteria, National 
Ambient Air Quality Standards (NAAQS), and State Environmental 
Standards. Federal and State ARARs available for chemicals 
present at the ViChem site are shown in Table 6-1. A discussion 
of the assumptions and limitations associated with these parameters follows. 

o Maximum Contaminant Levels (MCLs) and the Maximum 
Contaminant Level Goals (MCLGs) - National Primary 
Drinking Water Standards MCLs, promulgated under the Safe 
Drinking Water Act, are enforceable standards for 
contaminants in public drinking water supply systems. 
MCLs are defined assuming lifetime exposure to a 
contaminant for a 70-kg adult who consumes two liters of 
water per day. MCLs are calculated to reflect exposure 
to a contaminant from all sources (e.g., air, food 
water). They consider not only health factors, but also 
the economic and technical feasibility of removing a 
contaminant from a water supply system. Secondary 
Drinking Water Standards, which include MCLs for iron 
and manganese, are nonenforceable standards that consider 
the aesthetic quality of drinking water. The EPA has 
also proposed MCLGs for several organic and inorganic 
compounds in drinking water. MCLGs are guidelines and 
are based on health considerations only. It is important 
to note for reference that the MCL for arsenic, which is 
not solely health-based, is 50 ug/1, a level which 
corresponds to a cancer risk for adults (drinking two 
liters per day for 70 years) of 2.57 x 10~3 (based on a 
CPF for arsenic of 1.8 (mg/kg/day)-1). 

0 Health Advisories - Health Advisories are nonenforceable 
guidelines, developed by the Office of Drinking Water 
for chemicals that may be intermittently encountered in 
public water supply systems. Short-term Health 
Advisories are calculated for a 10-kg child (1-year-old 
infant) who ingests one liter of water per day for 1-day 
and 10-day exposure periods. Lifetime Health Advisories 
are calculated for a 70 kg adult assumed to drink 
two liters of water per day. Longer-term Health 
Advisories (one to two years) are calculated for both a 
0~kg child and a 70-kg adult. These guidelines do not 

carcinogenic risks or synergistic effects. 
Health advisories are used to evaluate the potential for 
acute and chronic health effects associated with 
ingesting contaminated drinking water. 

o Ambient Water Quality Criteria (AWQC) - These ai 
[)on®^orceable guidelines for the protection of huma <• 
health from exposure to contaminants in ambient water 5 
ese criteria are estimates of the concentration tha 

o 
o 
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will not result in adverse health effects in humans; and 
for known or suspected carcinogens, the concentrations 
associated with incremental lifetime cancer risks of 
10 (one additional case of cancer in 10,000 people 
exposed) through 10~7 (one additional case of cancer in 
10,000,000 people exposed). AWQC have been used by many 
s,tates to develop enforceable ambient water quality 
standards. These criteria are used to evaluate the 
potential for noncarcinogenic and carcinogenic health 
risks associated with exposure to contaminants in 
drinking water. 

o New Jersey Pollution Discharge Elimination Systems 
(NJPDES) Maximum Concentrations of Constituents for 
Drinking Water - These are the standards written into 
NJPDES Pe rmi t s. 

o New Jersey Department of Environmental Protection (NJDEP) 
Interim Action Levels and Recommendations for Responses 
for Selected Organics in Drinking Water - These action 
levels are guidelines developed by the State of New 
Jersey in the absence of State MCLs for contaminants in 
drinking water. The action levels are developed in 
consideration of human health effects and are derived 
using EPA Suggested-No-Adverse Response Levels (SNARLs), 
Recommended Maximum Contaminant Levels (RMCLs), or 
carcinogenic risks (lxlO-^ lifetime cancer risks). The 
Levels (Levels I through IV) initiate various actions by 
NJDEP if the contaminants are identified in water 
supplies at the specified concentrations. 

In instances where ARARs are not available for the chemicals at 
a site, or where the exposure to more than one contaminant 
occurs, a more complete quantitative or semiquantitative risk 
characterization must be performed. This involves using the 
concentrations of chemicals present at the site, along with 
various assumptions about the characteristics of the population 
exposed and the chemicals present, to predict the intake of 
contaminants by populations at risk. These predicted intake IZtlL III compared with health-based criteria to determine 
whether the estimated intake poses a threat to human health. In 
order to develop the health-based criteria, extensive 
examinations of the toxicities of the compounds were 
undertaken. The following types of toxic effects were considered: 

than Noncarcinogenic effects - Toxic effects other ,„ail 
increased risk of cancer. Toxicological endpoints, 
routes of exposure, and doses in humans and/or animal 
studies are provided where appropriate. 
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o Carcinogenic effects - Any chemical exposure which could 
potentially be associated with an increased probability 
of contracting cancer. Toxicological endpoints (types of 
tumors, organ system(s) affected), routes of exposure, 
and doses in humans and/or animal studies are provided 
where they are known. 

o Environmental effects - Acute and chronic toxic effects 
observed in aquatic biota and/or terrestrial wildlife. 

From this toxicological examination, a determination of the 
relationship between the dose (amount of compound to which an 
individual or population is exposed) and the potential for 
adverse health effects was derived. These dose-response 
relationships provide a means by which potential public health 
impacts may be evaluated. Dose response relationships for 
different effects can bs expressed using carcinogenic potency 
factors (CPFs), reference doses (RfDs) and acceptable chronic 
intakes (AICs). These criteria are discussed below. The CPFs 
and AICS or RfDs available for chemicals present at the ViChem 
site are shown in Table 6-2. Detailed toxicological information 
about indicator chemicals and the basis for criteria values can 
be found in the toxicological profiles provided in Appendix J. 

o Reference Dose - The potential for noncarcinogenic 
effects to occur as a result of exposure to site-related 
hazardous constituents is evaluated using an EPA 
developed Reference Dose (RfD) derived by the RfD 
Workgroup, an Acceptable Chronic Intake (AIC) obtained 
from Health Effects Assessment Documents, or an RfD 
derived using Office of Drinking Water analyses in 
support of the MCLG for a chemical. Reference Doses or 
Acceptable Chronic Intakes are estimates, with 
uncertainty spanning perhaps an order of magnitude, of 
the amount of a compound that is not expected to result 
in adverse noncarcinogenic health effects gfter chronic 
exposure of the general population (including sensitive 
subgroups). The estimate is generally derived by 
dividing a no-observed-(adverse)-effect-level (NOAEL or 
NOEL) by an or "uncertainty factor." NOAELs are 
determined from laboratory or epidemiological toxicity 
studies. The uncertainty factor (10, 100, or 1,000) is 
based on the availability of toxicity data: 10 is used 
if appropriate chronic human data are available; 100 is 
used if sufficient chronic animal data can be obtained. 
Thus,^ the RfD incorporates the surety of the evidence for 
chronic human health effects. Even if applicable human 
data exist, the RfD (as diminished by the uncertainty 
factor) still maintains a margin of safety such that 
chronic human health effects are not underestimated. 
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TABLE 6-2 

I0X1.CI?Y USED FOR INDICATOR CHEMICALS 
IN THE RISK ASSESSMENT OF THE VICHEM SITE 

Chemical 

Carcinogens 
Inorganics 

Arsenic 
Cadmium 

Organics 

TrichlOroethene 

Chemical 

Noncarcinogens 
Inorganics 

Orala 
Cancer Potency Factor 

Inhalation 
(mg/kg/day)"1 Source (mg/kg/day)"1 Source 

1.8E+0[A] 

1.1E-2[B2] 

[CAG] 

[CAG] 

1.5E+1[A] 
6.1E+0[B1] 

1.7E-6[B2] 
Acceptable Chronic Intake 

/ " Inhalation 
(mgAg/daty) Source (mg/kg/day) 

5.0E-4 (water) 
1.4E-3 
2.0E-3 

Cadmium 
Lead 
Mercury 
(inorganic) 
a) Alphanumerics in brackets represent EPA Weight of Evidence 

classifications, which are defined as follows: 

[Rfd] 
[HEA] 
[HEA] 

Group A -

Group B1 -

Group B2 -

[CAG] 
[IRIS] 

[CAG] 

Source 

Human Carcinogen. Sufficient evidence from 
epidemiologic studies to support a casual association 
between exposure and cancer. 

Probable Human Carcinogen. Limited evidence of 
carcinogenicity in humans from epidemiologic studies. 

Probable Human Carcinogen. Sufficient evidence of 
carcinogenicity in animals, inadequate evidence of 
carcinogenicity in humans. 

CAG - Carcinogen Assessment Group, USEPA 
HEA - Health Effects Assessment 
IRIS - Integrated Risk Information System 
RfD - Reference Dose 
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Thus, the RfD is an acceptable guideline for evaluation 
of noncarcinogenic risk, although the associated 
uncertainties preclude its use for precise risk 
quantitation. The RfD is expressed in units of mg/kg/day. 

o Cancer Potency Factor - For the assessment of 
carcinogenic risks, Cancer Potency Factors (CPFs) 
developed by the USEPA's Carcinogen Assessment Group are 
used. The CPF for a given chemical is the slope of a 
line derived from a statistical model which relates risk 
to dose. The CPF is usually an estimated 95 percent 
upper-bound confidence limit of the carcinogenic potency 
of the chemical as observed in an animal study. 
Occasionally, when human data are available, it may be an 
estimate closer to the actual slope. In either case, it 
represents an "upper bound" in the sense that the true 
potency factor, which is unknown, is believed to be 
unlikely to exceed the upper-bound risk estimate. In 
this risk assessment, the CPF used for arsenic (from EPA 
August, 1988 update to SPHEM) was derived from a human 
study. CPFs are expressed as the lifetime cancer risk 
per mg of body weight per day (mg/kg/day)-1. 
Carcinogenic risks are estimates of the probability, or 
range of probabilities, that a specific adverse 
carcinogenic effect will occur. 

6.2 IDENTIFICATION OF POTENTIAL EXPOSURE PATHWAYS 

This section of the report describes the contaminated media in 
and around the ViChem facility and identifies several pathways 
by which humans may be exposed. 

6.2.1 Groundwater 

Ebasco's groundwater data indicate that shallow and medium depth 
groundwater, which represent the upper and lower portions of the 
upper sand aquifer, below and downgradient of the lagoon area, 
contain high concentrations of arsenic and cadmium. The highest 
levels of arsenic are found in the medium depth water just 
downgradient from the lagoon area. In addition, there appears 
™ k8i h°t spot" of contamination in the groundwater near 
EW-13 below chicken coop #3. Although a small amount of arsenic 

detec.ted i.n deeP wells, most of the contamination in 
tne shallow and medium groundwater has not yet reached the deeo 
aquifer (Table 4-5). Significant concentrations of lead, 
however, have been found in the deep wells. 

According to the best information available, groundwater 
downgradient from the ViChem plant is not presently used as a 
ranprt fnr fi1 J water. However, if a future-use scenario 
called for the development of these groundwater resources, 
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exposure to groundwater could occur. Ingestion of groundwater, 
JhJnnnh0"6?"9 4-Wlth 9roundwater' which can lead to exposure 
through direct contact and inhalation of volatilized 
contaminants, were therefore considered as exposure pathways. 
6.2.2 Soils 

Several indicator chemicals were detected in surface and 
subsurface soils in various areas in and around the ViChem 
plant. Arsenic was abundant in surface soils, subsurface soils 
lagoon samples, and chicken coop dust, akd was the major contaminant of concern. 
Surface Sni 1 ̂  

facilitv'^nd IhVl'i. Vrese"tly; ViChem site is a functioning facility and the plant property is surrounded by a fence The 
be limited" tntl0n kexp0sed ,t0 on-site soil contamination should 
be limited to workers employed at the facility and occasional 
visitors. Workers may be exposed to surface soils via a number 

r fS" • f-Y  Can directly contact the contaminated soils and 
the contamination may be directly absorbed through the skin 
Some contaminated soil could be accidentally ingested while 
eating, drinking or smoking, or by placing hands or other soiled 
objects in their mouths. Individuals may also inhale airborne 
contaminated soil or dust. This latter type of exposure I'S most 
likely to occur when the soil surface is disturbed causina an 
increased amount of soil to be suspended in the air. 

In the future, if the ViChem plant were to cease operations and 
institutional controls were not implemented to restrict access 
IL%thati l0Cal residents could come into contact 5i?h 
the soils on the plant site. In this scenario, local residents 
primarily children, may be exposed to soils by playing or 
wn9?Hinv? in °ther activities. Potential routes of exposure 
ould be accidental ingestion, inhalation, and dermal contact 
While it is unlikely for residents to contact the site soilsIt 
present due to access restrictions, it is prudent to conside^ 
this potential exposure scenario in the event that the plant 
ceased operations and access controls were not maintained This 
Potential exposure pathway may be relevant in SmiSj 
cleanup criteria in the event that remediation of the site soils were undertaken. aire sons 

Residential 50lI. Generally, low arsenic concentrations were 
found outside of the plant boundary in specificVesTaentia! 
locations at the levels shown in Table 6-3. Residents can be 
exposed during routine outdoor activities. LikS workersthev 
TnLi bt- eXP?Sed t0 SOils by direct contact ingestion or < 
inhalation of contaminated soil. Some children may directly eat 5 
n* - * in / • behaYior know as pica. Pica children were Sot 
considered in this report. Many of the residents in the area ° 
fruits" and vegetables maintain 9ardens and consumption of 2 i ve9etables grown in contaminated soil mav be an 
additional exposure pathway for these persons. m addition to E 

U) 
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TABLE 6-3 

CONCENTRATIONS OF INDICATOR CHEMICALS 
KXJND AT I!HE VICHEM SITE 

GEOMETRIC ARITHMETIC SAMPLE 
MEAN AVERAGE MINIMUM MAXIMUM SIZE 

Residential Soils (mgAg) 

Arsenic 2.29 6.86 0.40 78.0 17 

On-Site Surface Soils (mg/kg) 

£rsenic 4.07 27.9 0.29 650 108 
Mercury 0.12 1.08 0.05 11.3 25 

Groundwater (Shallow and Intermediate Wells, ug/1) 

Arsenic 
Cadmium 
Lead 
Trichloroethene 

281 10200 0.75 394000 153 8.85 279 2.00 9580 82 3.60 64.0 1.45 3010 54 3.84 31.7 1.00 1600 79 

< H 3 
o 
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arsenic being taken up into the edible portions of the Dlant 
contaminated soil may cling to the surfaces of leafy vegetables 

Chicken coop dupt. High concentrations of arsenic were found in 
ust samples take from several chicken coops located near the 

fence line of the ViChem plant. Chickens are housed in one of 
J/.0'om,s ? °.n.e of the cooPs- Some arsenic compounds may be 

\ \n ^lsfues °f chickens due to the consumption of 
contaminated dust, but organic arsenic compounds (e.g. 
arsenalic acid) are rapidly removed from the tissues of chickens 
i!fi^eXCISed mostly in the feces (Overby and Frederickson, 
1963). Therefore, the concentration of arsenic in chicken 
tissues would depend upon the continuous intake of arsenic in 
their diet. Information regarding the use of the chickens was 
not available for this study and specific risks associated with 

exP°fur® will not be addressed outside of this discussion, 
u uuU further interviews with local residents would determine 

whether chicken consumption merits more attention. It should be 
pointed out that only a small number of chickens were housed in 
one of the rooms of one of the coops on site (coop #4). 
Subsurface soiIs 

Indicator chemicals were found in several samples of subsurface 
ih ur-SieP-1C WAS .Particularly high in samples taken from 

u building #9 in the production area. Subsurface soils 
should pose no present health risks to humans at the facility 
However, if toxic contaminants, especially arsenic, continue to 
leach into the groundwater, they may present a future health r i sK» 

6*2.3 Lagoon Water and Sediments 

Arsenic was found in lagoon water and sediments. Although 
rnlUnl  ̂  ?xpected to be near the lagoon area, no direct 
contact with lagoon water or sediments is expected. The arsine 
form of arsenic (AsH3) may volatilize. However, this form is 
uncommon, except in a highly reducing environment, and therefore 
unlikely arsenic via inhalation of volatilized compounds is 

6-2.4 River Water and 

Both water and sediment samples from the Blackwater Branch of 
f™UPPe£ M?u"c® River exhibited arsenic contamination. Risks 
kMsHnn !fin8e rî 6,r WatSr and sediments include accidental 
and/or nian^-c ^ and/or water, ingestion of contaminated fish 

Plantf' dermal exposure to contaminated water and/or 
A ™anraS|- PQssible inhalation of volatilized contaminants, 
fhprpfnrl r 91 investigation addresses these concerns and 
report these issues will not be discussed further in this 
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6.2.5 Summary 

In summary, several routes of potential exposure to chemicals 
present at the ViChem plant have been identified. These include: 

o Ingestion of groundwater; 

o Inhalation of volatilized components from groundwater 
during showering; 

o Direct contact with soils; 

o Ingestion of soils; 

o Inhalation of airborne soils; 

o Ingestion of contaminated meat or vegetables; 

o Direct contact with lagoon water; and 

o Inhalation of volatilized components from lagoons. 

In the next section, the most likely significant routes of 
exposure will be identified and rates of contaminant intake by 
individuals at risk of exposure will be calculated. 
6.3 EXPOSURE ASSESSMENT 

This step of the risk assessment involves defining the 
populations at risk and determining the circumstances and levels 
of exposure. To estimate the levels of exposure for the 
populations likely to be at risk, several scenarios depicting 
the activities of plant workers and residents have been 
constructed. Exposure scenarios for both current-nSp constructed. Exposure scenarios for both current-use and 
future-use conditions are considered. For each scenario, two 
cases for the intake of contamination were considered for the 
r™S Ti2 a^UalS " an avera9e case and a plausible maximum 
case. The average case (or most plausible scenario) uses the 
average exposure scenario assumptions and the geometric mean 
theC^htm® ^ ° Vl.® contaminants found as the concentrations of 
the chemicals m the media. Geometric means were calculated by 
including all samples and assuming that the value of the 
non-detected results were equal to half the detection limit. in 
the discussion that follows, all references to "average-
concentration will refer to geometric means. The plausible 
^^r?^CaSe (or4_.worst-case scenario) uses the maximum exposure 
scenario assumptions and the maximum concentrations of the 
contaminants observed in each medium. The levels of 

aVBra9e a"d plausible "«*•»» «• 

6'3'1 °f Contaminated Media 

?ha/in believed that workers at the ViChem plant do not use 
shallow or medium depth groundwater for drinking water. There 
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was no contamination detected in the deep production well 
sampled on-site and therefore, even if workers ingest or are 
otherwise exposed to production well water, it should pose no 
present health threat. 

Workers employed at the ViChem plant are likely to come into 
direct contact with contaminated soils and dust during normal 
work activities. In addition, they may inhale contaminated 
dust, particularly on windy days or when commercial vehicles 
frequently travel over on-site roads. 

Average and maximum exposure scenarios for workers at the ViChem 
plant were constructed. Table 6—4 presents the equations used 
to model the exposure pathways, while Table 6-5 presents the 
parameters derived for worker soil exposure. Under the average 
exposure scenario workers were assumed to work at the ViChem 
plant 8 hours a day, 5 days a week, 48 weeks a year, for 5 
years; and under the maximum exposure scenario workers retained 
the same schedule for 20 years. An average adult weight of 70 
kg (USEPA, 1986b) was used over the experimental period. For 
direct soil contact, soil adherence was based on the value of 
commercial potting soil adhering to hands (1.45 mg/cm3; USEPA, 
1986a), which yields a conservative value because potting soil 
is more likely to adhere to the skin than the sandy soil found 
at the ViChem site. The skin surface area was calculated by 
adding the average (50th percentile) surface areas of the hands 
and arms of adult males. Values were taken from Anderson ai. 
(1985). Once covered with soil, a fraction of arsenic and other 
inorganic compounds present were assumed to penetrate through 
the skin. Studies of arsenic (V) exposure from water solutions 
have shown that not all of the arsenic can be absorbed from 
water. Even less will be absorbed from soil. In a study of 
dioxin (TCDD) on soil, Hawley (1985) estimated only 15% of TCDD 
on soil was available for absorption through the skin. Arsenic 
on soils would be even less available for dermal absorption. In 
a dissertation by Winka (1985), experimental studies showed that 
43 to 81% of the arsenic in sediment was not extractable into 
the water. The bioavailability of the arsenic to pass through 
the skin is expected to be much less that the 15% estimated by 
Hawley for TCDD. To account for the reduced bioavailability of 
arsenic from the ViChem soils, the value of percent arsenic and 
mercury absorption (%ABS) from soils was estimated as 0.9% 
dermal absorption by workers. 

For soil ingestion, 10 mg/day was considered to be the average 
incidental rate of soil intake and 50 mg/day was considered to 
IQOT*\ raax*mu.in incidental rate of ingestion for adults (LaGoy, 
1987). Gastric absorption was assumed to be 100% for arsenic in 
both exposure scenarios, and in the maximum exposure for mercury 
scenario. The most probable case percent absorption factor for 
mercury was 15%. The suspended soil concentration for the soil 
inhalation pathway was obtained by using half the nuisance 
particle level of 10 mg/m3 (ACGIH, 1986). Half of the 
nuisance particle level was used because the on-site soil was 
sandy (1/16 mm to 2mm grain size), and therefore would not 
remain suspended as long as finer grain soils. The rural 
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TABLE 6-4 

CALCULATIONS USED TO DERIVE CHRONIC DAILY INTAKES (CDIs) 
L*' SELECTED CONTAMINANTS AT THE VICHEM SITE 

Carcinogens 

1. Ingestion (Soil) 
-6 

CD I ~ SC (m9/kg) x SI (mg/event) x % Absorbed x # Events x Years Exp. x 10 kq 
(kg) 365 days /0 years mg 

2. Direct Contact (Soil) 

GDI = SC (mg/kg) x X (mg/event) x % Absorbed x # Events x Yrs Exp. x 10 \q 
BW (kg) 365 days 7u years mg 

3. Inhalation (Soil) 

CDI = SC (mg/kg) x SSC (mg/m3) x IR (m3/event) x % Absorbed x # Events 
BW (kg) 365 days 

x  1 0 k g  x  Yrs Exp. 
mg 70 years 

4. Inhalation (Vapors while showering) 

CDI = W3 (mg/L) x IR (m3/event) x % Absorbed x L, x # Events x Yrs. Exp x 10~6kg 
BW (kg) BV(m3) 365 days /o yrs mg 

5. Ingestion (Groundwater) 

CDI = wz (mg/L) x Dl (L/day) x % Ahsorbed x Yrs. Exp. 
BW (kg) 70 years 

Non-Carcinogens 

1. Ingestion (Soil) 

CDI = SC (mg/kg) x SI (mg/event) x % Absorbed x # Events x 10 ̂ kg 
EW (kg) 365 days mg 

2. Direct Contact (Soil) 

CDI = SC (mg/kg) x DC (mg/event) x % Absorbed x # Events x 10 kq 
BW (kg) J65 days mg 

3. Inhalation (Soil) 

CDI - SC (mg/kg) x SSC (mg/m̂ ) x IR (m3/event) x % Ateorbed x # Events x 10 kg 
BW (kg) 365 days mg 

4. Inhalation (Vapors while showering) 

CDI = WC (mg/L) x IR (m3/event) x % Absorbed x L x # Events x 10 \g 
EW (kg) BV(m3) 365 days mg ^ 
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TABLE 6-4 (Cont'd) 

CALCULATIONS USED TO DERIVE CHRONIC DAILY INTAKES (CDIS) 
OF SELECTED CONTAMINANTS AT THE VICHEM SITE 

5. Ingestion (Groundwater) 

CDI » WC (mg/1) x DI x % Absorbed 
BW (kg) 

DEFINITIONS: 

GDI = Chronic Daily Intake (mg/kg-day) 
SC = Soil Concentration (mg/kg) 
SI = Soil Ingestion Rate (mg/event) 
DC = Dermal Contact Rate (mg/event) 

SSC = Suspended Soil Concentration (mg/m^) 
IR = Inhalation Rate (m^/event) 
BV = Bathroom Volume (m-*) 
L = Liters of water used 
WC = Water Concentration (mg/L) 
DI = Daily Ingestion Rate L/day) 
BW = Body Weight (Kg)-
70 Years = Average Adult Lifetime 
% Absorbed = Percent Taken Up By Body 

NOTE: Parameters values are given in Tables 6-5 through 6-7. 

< H 2 
o o 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
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TABLE 6-5 

ASSUMPTIONS USED TO ESTIMATE EXPOSURES 
•IU WUKKKKS VIA SOlLS AT THE VICHEM SITE 

Parameter 

Frequency 

Duration 

Average Weight 
Over Exp. Period 

Soil contact: 

Soil Contact Rate 
Skin Surface Are 
Soil Adherence 

Absorption (%) 
Dermal Absorption 

Soil ingestion: 

Ingestion Ratê ) 

Absorption (%) 
As 
Hg 

Soil inhalation: 

Suspended Soil 
Concentration̂ ) 

Inhalation Rate 
Breathing Ratê ) 

Exp. (1) 

Duration of event 

Absorption (%) Lung 
i (5) 

Most 
Probable Case Worst Case 
240 events/yr 240 events/yr 
(5 d/wk for 48 weeks) (5 d/wk for 48 weeks) 
5 years 

70 kg 

4640 mg/day 
0.32 m2 
14500 mg/m2 

Absorption' 

[*} Anderson et al., 1985 
* USEPA, 1986a 
-J LaGoy, 1987 
}| j A03IH, 1986 and USEPA, 1982. 

Holland et al., 1959 and USEPA, 1984 

0.9 

10 mg/day 

100 
15 

0.017 mg/m3 

22.4 m3/event 
2.8 m3/hr2 
(moderate activity 
for 8 hrs.) 

8 hrs 

30 

20 years 

70 kg 

4640 mg/day 
0.32 m2 
14500 mg/m2 

0.9 

50 mg/day 

100 
100 

5.0 mg/m3 

39.6 m3/event 
2.8 m3/hr 
(moderate activity 
for 4 hrs.) 
7.1 m3/h (heavy 
activity for 4 hrs.) 

8 hrs. 

80 
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background level of 0.017 mg/m3 (USEPA, 1982) was used for the 
average scenario. The division of activities that workers would 
SJi ir}v°*ve<J }n during the day was taken into account when 
calculating the inhalation rate. Workers were assumed to be 
involved in heavy activity four hours a day and moderate 
activity four hours a day for the maximum exposure scenario, and 
were assumed to engage in eight hours of moderate activity for 
the average exposure scenario. A lung absorption factor of 30% 
for the average exposure scenario (USEPA, 1984) and 80% for the 
maximum exposure scenario was used based on a study of arsenic 
aerosols (Holland, et al., 1959). 

Workers are expected to work around, but not within, the lagoon 
area. Therefore, direct contact with contaminated lagoon water 
and/or sediments is unlikely. The lagoon water contains 
arsenic, but the gaseous form of arsenic is rarely found, and 
even if present, the majority of arsenic would probably 
volatilize rapidly (Subsection 5.1.6). Lagoon-related pathways 
will not be evaluated further. 

6-3-2 Current-Use Scenario; Exposure of Residents Using Pnhlic 
Water 

Arsenic was detected in generally low concentrations in soil 
samples taken from residences just outside the plant boundary. 
Residents may be exposed to soils during normal outdoor 
activities, such as play or gardening, through direct dermal 
contact, and through ingestion. 

An age-specific exposure model was used to calculate lifetime 
residential exposure to contaminated soil. This model attempted 
to provide a more realistic exposure estimate that considered 
various physical and exposure parameters at different life 
stages. The sum of risks at all life stages was calculated for 
a total lifetime risk. 

For the most probable case scenario, the number of days spent 
outdoors was considered to be two days/week for four months (32 
days) for infants and adults and four days/week for four months 
(64 days) for all age classes of children. The worst cases for 
these two groups of individuals were considered to be two 
days/week for eight months (64 days) and four days/week for 
eight months (128 days) per year, respectively. For all age 
groups one hour/day was considered to be the average exposure 
and four hours/day was considered to be the maximum plausible exposure. 

Soil ingestion rates were based on LaGoy (1987). Children 
between the ages of two to six years had the highest soil 
ingestion rates (200 mg/day and 80 mg/day for worst and most 
plausible cases, respectively) with soil ingestion decreasing as 
children mature. The soil ingestion rates of infants were 
considered to be 100 mg/day and 50 mg/day for the worst and most 
plausible cases, respectively. Adults were assumed to ingest 1 
mg of soil daily under average conditions, and 50 mg/day unde 
worst- case conditions. 
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For direct contact with soil, exposed surface areas were 
calculated based on the 50th percentile surface areas of each 
age group taken from Anderson, ai. (1985). For the worst 
case scenario, the surface areas of the hands, arms, and legs 
were added for children up to age 18 and hands, forearms and 
legs were added for adults. For the most plausible case 
scenario the hands and arms were added for children up to 
^ ̂fars of a9e an<* the hands and forearms were added for 
adults. The most plausible case soil deposition rate was 0.5 
mg/cm , which was calculated by pressing a 21.5 cm2 tape 
against the hands of children after they had played outdoors 
(Lepow, 1975). The worst-case soil deposition rate used was 
1.45 mg/cm* based on the USEPA (1986a) soil adherence value 
for potting soil, which generally has greater adherence than the 
sandy soil found on the ViChem site. 

Once covered with soil, once again, only a fraction of the 
arsenic in the soil was assumed to penetrate through the skin. 
As discussed in Subsection 6.3.1, the majority of arsenic in the 
sorl is not bioavai lable. To account for the reduced 
bioavailability of arsenic from the soil, values of percent 
arsenic absorption (%ABS) from soil were estimated as: 1.8% 
arsenic dermal absorption by children under ten and 0.9% arsenic 
dermal absorption by adults. 

Inhalation of soil was also considered for all age groups. The 
suspended soil concentration used for both scenarios was 
0.017 mg/nw based on a representative rural ambient airborne 
particulate concentration (USEPA, 1982). This value was used 
for both scenarios because no extensive disturbance, such as 
heavy commercial vehicles, were expected to be found in 
residential areas. Inhalation rates for each age group were 
ta^6» ^r°m the Superfun<3 Exposure Assessment Manual (EPA, 1986a) 
and Anderson, &!., (1985). Worst case soil inhalation rates 
were calculated using heavy activity rates (i.e., vigorous 
exercise) for four hours/day and most probable case soil 
inhalation rates were calculated using moderate activity rates 
(e.g., heavy work, climbing stairs, and performance of repairs) 
for one hour per day. When inhalation rates were not available 
for certain age classes, estimates were made based on inhalation 
rates for the neighboring age classes. 

Assumptions used for all exposure pathways are summarized in Table 6-6. 

Although exposure through contaminated vegetables is possible 
this exposure pathway will not be considered in detail because 
the residential contamination appears to be somewhat localized 
(see Section 4) and probably does not pose a threat to the 
majority of the area residents. Levels of contaminants in 
chicken coops were high, and if it is determined that residents 
consume poultry from these coops, this pathway should be 
evaluated further. 
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TABLE 6-6 

PARAMETERS FOR RESIDENTIAL EXPOSURES TO SOIL 
Physical Parameters 

Population Body Weight(1) 
kg 

Surfaae Area*1) 
cm2 

Infant 
Young Child 
Child 
Child 
Child 
Adults 

0-1 
2-6 
7-10 
11-14 
15-17 
18-70 

8.95 
17.0 
28.4 
45.3 
59.7 
70.0 

Worst Case 

9.00E+2 
3.14E+3 
4.60E+3 
6.98E+3 
9.26E+3 
4.05E+3 

Most Probable 
Case 

4.00E+2 
1.33E+3 
1.78E+3 
2.56E+3 
3.62E+3 
1.98E+3 

Exposure Parameters 

Population 
Days 

Outdoors 

Most 
Worst Probable 
Case case 

Infant (0-1) 64 32 
Young Child 
(2-6) 128 64 
Child (7-10) 128 64 
Child (11-14) 128 64 
Child (15-17) 128 64 
Adults(18-70) 64 32 

% Absorbence 

Soil ingestion*2* Inhalation*1/3) Years 
Rate g/day Rates m3/hr Exposure 

Worst 
Case 

2.00E-01 
1.00E-01 
5.00E-02 
5.00E-02 
5.00E-02 

Most 
Probable 
Case 

8.00E-02 
5.00E-02 
1.00E-02 
1.00E-02 
1.00E-02 

Most 
Worst Probable 
Case case 

1.00E-01 5.00E-02 0.13 

3.3 
3.3 
4.0 
5.0 
6.0 

0.10 

2.7 
2.7 
2.7 
2.7 
2.6 

5 
4 
4 
3 
52 

Ingestion: 100% Ingestion(4) 
Inhalation: 30% Most probable case, 80% worst case(5) 
Direct contact: 1.8% up to 10 yrs, 0.9% 10 years to adult(6) 
Soil Deposition Rates 

Worst Case 1.45 mg/cm2*3) 
Most Probable Case 0.5 mg/cm2(?) 

Suspended soil concentration 0.017 mg/m3*8) 

Assume: 1 hr/day most probable case exposure 
4 hrs/day worst case exposure 
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TABLE 6-6 (Cont'd) 

PARAMETERS FOR RESIDENTIAL EXPOSURES TO SOIL 

(1) Anderson et al., 1985 
(2) LaGoy, 1957 ~~ 
(3) USEPA, 1986a 
(4) USEPA, 1984 
(5) USEPA, 1984 and Holland et al., 1959 
(6) , Hawley, 1985 
(7) Lepow, 1975 
(8) USEPA, 1982 
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6,3,3 FutUEe-Use Scenario; Exposure of R^jdents Using Privat-P 

According to the best information available, no residents are 
using groundwater downgradient of the ViChem plant. However, if 
these groundwater resources were developed in the future, 
residents using private wells downgradient of the ViChem plant 
would be exposed through direct contact, ingestion, and 
inhalation of contaminated soils in the manner discussed in 
Subsection 6.3.2, and would additionally be exposed to 
contaminated groundwater. Additional exposures may result from 
the ingestion of contaminated groundwater and the inhalation of 
volatilized contaminants from water while showering. Risks 
resulting from absorption of contaminants via dermal contact 
while showering are considered slight in comparison to 
inhalation risks (Foster and Chrostowski, 1987), and are 
therefore not calculated here. 

To calculate the dose of contamination received via showering, 
several assumptions were made. The assumption made for the 
worst case was a shower lasting 20 minutes and using 190 liters 
of water, (Andelman, 1985). In contrast, the average case 
scenario used half the values, the average shower duration was 
10 mintues, and 95 liters of water were used. Only 
trichloroethene (TCE) was evaluated for this pathway, because it 
was the only indicator compound with a high probability of 
volatilization. One hundred percent volatilization was assumed 
for both cases. The worst-case scenario had 100% TCE 
absorption, whereas the maximum plausible case scenario had 50% 
TCE absorption. The bathroom was assumed to be 12 m^ (USEPA, 
1986b), and the model did not take any air movement into 
account. Both children and adults were assumed to shower/bathe 
under the same conditions. Inhalation rates were taken from the 
Superfund Exposure Assessment Manual (USEPA, 1986). Worst-case 
inhalation values assumed individuals engaging in light 
activity. Most plausible case inhalation estimates were taken 
fr.™ r®sting inhalation rates. Once again, as in soil 
inhalation, when inhalation rates were not available for 
particular age groups, a neighboring value, or a mean between 
neighboring values, were used. Inhalation while showering 
assumptions are given in Table 6-7. 

To calculate water ingestion rates, the standard water 
consumption rates of two liters/day for a 70 kg adult and 
children older than 10 years, and one liter/day for children up 
in no yeaJrs. of age wefe used for the worst-case scenario. A 
ioo< gastric absorption efficiency was assumed for all 
compounds. For the most probable case scenario, 100% absorption 
was assumed for arsenic and TCE (EPA, 1983; 1984) A 15% H 
absorption efficiency was assumed for lead and cadmium for 2 
adults and children older than 10 years (Chamberlain, 1978) 

in absorption efficiency was assumed for children less § than 10 years. m 

Groundwater exposure assumptions are listed in Table 6-7. m 
Ol 
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TABLE 6-7 

PARAMETERS FOR RESIDENTIAL EXPOSURES TO GROUNDWATER 
Physical Parameters 

Population 

Infant 
Young Child 
Child 
Child 
Child 
Adults 

Exposure Parameters 

Population 

Age 

0-1 
2-6 
7-10 
11-14 
15-17 
18-70 

Body Weight(1) 
kg 

8.95 
17.0 
28.4 
45.3 
59.7 
70.0 

Water Ingestion*̂ ) 
Rate 1/day 

Most 
Worst Probable 
Case case 

Years Exposure 
2 
5 
4 
4 
3 
52 

Inhalation(1/3) 
Rates mVhr 

Most 
Warst Probable 
Case case 

Infant (0-1) 
Young Child (2-6) 
Child (7-10) 
Child (11-14) 
Child (15-17) 
Adults (18-70) 

% Absorbence 

1 
1 
1 
2 
2 
2 

1 
1 
1 
2 
2 
2 

0.13 
1.3 
1.7 
1.7 
1.5 
1.3 

0.1 
0.4 
0.4 
0.6 
0.6 
0.6 

Ingestion: 100% Arsenic*4) and TCE*5) most probable and worst case 
100% Worst case for lead and cadmium for all individuals 
50% Lead and cadmium - children under 10 years*5' most probable 
15% 

Lead and cadmium 
case 
Lead and cadmium - adult and children over 10 years most 
probable case J 

Inhalation: TCE 50% most probable case, 
100% worst case 

Length of Shower/Bath: 10 minutes most plausible case, 20 minutes worst case 

Liters of water Used per Shower/Bath*8): 95 liters most plausible case, 
190 liters worst case 

(1) Anderson et al., 1985 
(2) USEPA, 1986b 
(3) USEPA, 1986a 
(4) USEPA, 1984 
(5) USEPA, 1983 
(6) Chamberlain, 1978 
(7) Hammond, 1982 
(8) Andelman, 1985 
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6.4 ESTIMATION OF POTENTIAL HEALTH RISKS 

The last step of a risk assessment involves the comparison of 
the daily intakes rates assumed for the populations at risk with 
health-based criteria to determine the risks posed to human 
health, and the calculation of lifetime cancer risks from 
carcinogenic pollutants. In this section, cancer and noncancer 
health risks associated with exposure to the chemicals present 
at the ViChem plant site are assessed. The assumptions 
regarding the behavior of the populations at risk described in 
the previous section are used to estimate human exposure. This 
exposure is expressed in the form of a chronic daily intake, or 
CDI, which is the amount of a substance taken into the body per 
unit weight per unit of time, or mg/kg/day. This intake level 
will then be compared to the toxicological criteria described 
below to determine whether current levels of exposure pose a 
threat to human health. 

To assess noncarcinogenic risks associated with exposure, the 
CDI of a chemical exposure rate/population is compared to its 
reference dose. The risk is presented as the ratio of the 
chronic daily intake to the reference dose (CDIrRfd). The sum 
of all CDI:Rfd ratios of chemicals being considered is referred 
to as the Hazard Index. The Hazard Index (HI) is a useful 
reference point for gauging the potential adverse 
noncarcinogenic health effects of an exposure. In general, an 
HI of greater than or equal to one indicates that an adverse 
noncarcinogenic health effect could potentially occur, while an 
HI of less than one indicates that an adverse noncarcinogenic 
effect is unlikely to occur. It should not be assumed that all 
indices less than one are acceptable and those greater than one 
are unacceptable because there is approximately one order of 
magnitude of uncertainty associated with the estimates of the 
CDI and Rfd. In addition, hazard indices greater than one may 
reflect risks associated with one or a few pollutants, or they 
may reflect CDI: Rfd ratios of less than one for all individual 
pollutants, which may affect different organ systems. In either 
case, the HI values need to be interpreted cautiously. 

To assess carcinogenic risks associated with exposure, the CDI 
or a particular chemical is multiplied by its cancer potency 

factor (CPF) to yield an upper bound excess lifetime cancer risk 
estimate. For cancer risks greater than 10~2, the Risk = 
1-exp. (-CDI x CPF), (USEPA, 1986b). 

Values of Rfds and CPFs used in this assessment are given in Table 6-2. 

< 
H a? 
o o 

f—I f—' 
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6.4.1 Workers 

For the purposes of this assessment, workers were considered to 
be exposed to surface soils by direct contact, ingestion, and 
inhalation. Using the intake rates derived using most plausible 
case and worst case exposure assumptions coupled with geometric 
means and maximum concentrations of the indicator chemicals, 
respectively, upper bound excess lifetime cancer risks of 
4-K j_a i were calculated for worker exposure under 
the most plausible and worst-case conditions (Table 6-8). When 
the maximum exposure scenario was used all pathways exceeded the 
target level for lifetime cancer risks of 10~6 (one in a 
million excess cases of cancer). Using the most plausible case 
leveT^tl0nS' n0ne t*le s°il pathways exceeded the target risk 

^carcinogenic effects of mercury in the soil did not exceed a 
CD I:RfD ratio of 1.0 for either scenario. Using the worst case 
ingestion, inhalation and direct contact pathways yielded a 
T°^n-5 Val"e of lxlO-2, while the hazard index decreased to 
2x10 using the most plausible case scenario. Therefore 
noncancer risks are not likely to be significant for these 
pathways. 

6.4.2 Residents 

Present-Day Scenario;—Exposure of Residents using Public watpr 

Current risks to residents around the ViChem plant area were 
calculated from ingestion, inhalation, and direct contact of 
contaminated soils. Most plausible case scenarios using 
geometric mean concentrations in the residential soils did not 
yield risks above the target risk level of 10~6 for arsenic 

of the .thre® individual exposure pathways (Table 6-9). 
The total lifetime risk from all exposure pathways for the most 
plausible case calculations was 6 x 10-7, which is less than 
the target risk level of 10-6. The individual pathways of 
S£1 minf?eS .on an(* dermal contact exceeded the target risk level 
of 10" using the worst case scenarios for all age groups, 
except for dermal exposure for infants which was equal to 
i x 10 o. The soil inhalation pathway did not exceed the 
target risk level for any age group under the worst case 
scenario, although the total worst-case inhalation risk was 
equal to 1 x 10~6. The total excess risk to an individual 
exposed over a lifetime to the worst-case scenario was 
i x 10 , or one additional cancer case in 10,000 people. The 
?̂;L,TeSt* plausible risk 6 x 10-7, or six additional 

incidents of cancer per ten million persons exposed. 

If residents inadvertently consume additional soil on garden 
p^d^e' 1risk.sI would increase, in proportion to the amount of 
additional soil consumed. 
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Future-Use Scenario; Exposure of Reside* risinn Dri„n1-r Wr11~ Dpwnqradient of fhp ViChVrnPlYnfr^ 3 Private Well£ 

hf«!^ groundwater from the ViChem plant site could pose several 
1th risks to the local population. Noncarcinogenic risks of 

groundwater ingestion exceeded a CDI:RfD ratio of one for the 
independent and combined effects of lead and cadmium in worst 
case conditions for adults and children (Table 6-10). At aver­
age concentrations and exposure conditions, lead fell one order 
?nT.paf9nnitU.de bel°" a, CDI:Rfd ratio of one, and the cadmium 
CDI.RfD ratio equalled one for infants, but fell below one for 
the remainder of age classes. 

Potential carcinogenic risks from groundwater ingestion for all 
age groups (Table 6-11) exceeded the target risk level of 10~6 
for arsenic using worst-case and most plausible case 
assumptions. In the worst-case calculations for arsenic, the 
groundwater ingestion scenarios predict cancer risks approaching 
1.0. .^chloroethene carcinogenic risks from drinking the water 
were calculated to be greater than the target level of 10~6 
tor all age groups under worst case conditions, and for adults 
under most plausible case conditions. 

Inhalation of trichloroethene vapors while showering (Table 
6-12) did not exceed the target risk level of 10"6 for any aqe 
group when either scenario was used. Volatilization of lead 
arsenic, and cadmium in the shower was not considered, since it 
is unlikely that these metals would volatilize. 

If local residents that presently use the public water supply 
Similar0 rTsk*fn° groundwater, they would experience 
nrTiafo ii , future"use scenario of residents using 

E * weUs. Risks could decrease in the future if arsenic is 
leached from the on-site soil by groundwater flow and 
transported to the Blackwater Branch. 

Summary of Risks 

Arsenic levels in soils pose potential health risks to workers 
ThPsi J residents nearby under worst case exposure scenarios. 
These scenarios assume both increased exposure and a higher 
scenario3 iJndpr 'oil than themost plausible ca^e 
Sr riiH ! the most plausible scenario, both the workers 
5 in-7 #n!i ,nS7 riSkS were less then 10"6' being 2 x 10 and 6 x 10 respectively. 

If contaminated groundwater is ingested, the health risks 
^"epotee„tiaSltafn0trially- UndeI conditions? there is 
radminm • nonca rcmogenic health risks from lead and 

d carcinogenic health risks from arsenic and TCE if 
c o n s i s f J a F e  . m e t '  w h i = h  p r i m a r i l y  =  consist of decreased levels of groundwater 'contamination'",*! 
s?m remain0 f01"/0" .leV,elS f0r sorae co»pound.. thin ri"2 
Still remain above target levels for lead, arsenic and TCF 
excessive risksCOntaminated groundwater should not result in any 

o 
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TABLE 6-12 
INHALATION OF TRICHT.OROFTHENE fTCE) WHILE 

SHOWERINO/BATHINO USING CONTAMINATED 
GROUNDWATER FROM THE VTNELAND CHEMICAL SITE 

TCE Inhalation 
Worst Most Plausible 
Cage Case 

Infant 
Age 0-1 

Young Child 
Age 2-6 

Child 
Age 7-10 

Child 
Age 11-14 

Child 
Age 15-17 

Adult 
Age 18-70 

6xl0"15 

8xl0"14 

5xl0"14 

3xl0"14 

2xl0"14 

2xl0"13 

lxlO"18 

8xl0"18 

4xl0-18 

3xl0"18 

2xl0~18 

3xl0"17 

Total 4xl0~13 5xl0~17 
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6.5 UNCERTAINTY IN RISK ESTIMATES 

The procedures used to develop the estimates of risk for exposure 
^naiS^ , groundwater at the ViChem site involve many 
analytical assumptions, models and procedures that introduce 

y int0 *hOSe estimates- In this section, the three 
" s?urctl 0f uncertainty in these estimates will be 

addressed. These are: l) sampling and analytical error, 2) 
exposure and dose estimation models, and 3) toxicologic models. 
6.5.1 Sampling and Analytical Error 

All of the estimates of exposure, doses and risks developed in 
J^Se?Sm ultimately depend upon the chemical sampling and 

analytical results obtained during the Rl. They therefore 
dataSC Thp V limitations and inherent uncertainties of these 
data. The first source of uncertainly in the results are the 
errors associated with the procedures employed to select and 
gather samples for chemical analyses. Two major concerns in any 
assessment are whether there aVe enough-^Tm^esTo ̂ adegiate^ 
1-ho i1Ze concentratlons 111 the media of concern, and whether 
the samples are collected in a manner and at locations that are 
representative of the areas being characterized. 

Sn3Plimtnei-9r0!inJWa-ter ^ SOil samPlin9 Programs were designed 
..J?leme*}fce'd in order to eliminate as much uncertainity as 

possible and define the nature and extent of contamination with 
a greater degree of confidence. Groundwater was sampled from 36 
monitoring wells installed by Ebasco, 11 existing ViChll 
monitoring wells, the plant's production well, and the deeD 
monitoring well installed by Hart in the lagoon area ?w? 
rounds for groundwater samples were obtained. All samples were 
analyzed for Dissolved arsenic, HSL inorganics (unfiltered) HSL 
w e I I n  2 5 %  o f ' " P s a ^ e s  ai\alyfed f0.r acid base/neutral extractable organics. A 
otal of 25 on-site surface soil samples were analyzed for HSL 
inorganics, and an additional 86 samples were analysed ? 
foreiHgr innr" add7tlon' 67 subsurface samples were analyzed 
for HSL inorganics and 336 subsurface samples were analyzed for 
yards'bordering the sr?.51den"al samples, taken from residential 
site in all 5?nonresidential woodlands around the 

u • dir®ctlons' were analyzed for arsenic only. This 
comprehensive soil and groundwater sampling provides a reliable 
saâ lib„agSeproWghramh nncertainty%?esent in̂ ?̂ 

The chemical analyses performed and used in the risk assessm*»nf 
were done under the Contract Laboratory Program (CLP) This 
program ensures that samples undergo a completeser'iesof 
?ahoiaL COntr"i1 !"eaaurea in a certified Sator After 
' analysis was completed, data were fully validated 

rIiilbilitv°rof 5the,UalltL contro1 measures to ensure the 
confidence in the da". TheSS measures Provide additional 
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In regard to arsenic and mercury, the lack of data concerning 
ionic and chemical speciation also needs to be addressed in any 
discussion of uncertainty. For both of these metals, only total 
inorganic concentration data were available. Both of the 
pollutants can exist in more than one chemical species in the 
environment, and these species differ in both their environ­
mental fate and their toxicologic properties. Using the total 
inorganic arsenic and mercury analyses, therefore, involves 
making assumptions about speciation that also introduces 
uncertainty into the assessment. 

6,5,2 Uncertainty in Exposure and Dose Assessment Modpl 

In this analysis, estimates of pollutant exposures and doses were 
made using models and assumptions which describe the environ­
mental fate and distribution of contaminants, the behavior of 
potential contaminant receptors, and the biological interactions 
between contaminated media and receptors resulting in contaminant 
uptake. For the soil and groundwater pathways, exposure point 
concentrations were estimated directly from the analytical data 
and therefore depend heavily upon the quality and representative­
ness of those data and the methods used to summarize them for 
the exposure assessment. The quality of these data have been 
discussed above, and the methods used to summarize the data 
(maximum and geometric mean) are appropriate to the development 
of worst-case and representative pollutant levels where the 
distribution of the data is not well-characterized, but expected 
to be positively skewed from a Gaussian distribution. 

Other factors that introduce uncertainty into the exposure 
estimates include behavioral assumptions (e.g., days spent 
outdoors, hours/day exposed, proportion of lifetime exposed), 
exposure-related factors (skin deposition of pollutants, soil 

etc-)" and intake factors (matrix-specific bioavail­
ability, dermal and gastrointestinal absorption factors). In 
particular, the inhalation models had some elements of 
uncertainty. For soil inhalation, conservative estimates were 
made in regard to particulate concentrations in air, inhalation 
rates, lung absorption, and the duration of the event. Wind 
•and sPeed were not considered. In the shower 
innoalatl°n ,mode1' volatilization of TCE was considered to be 
100* and air movement in the bathroom was not considered in 
many cases, it is difficult to judge the direction or magnitude 

the bias that may be introduced into dose estimates by 
specific models using a parameter value selected. On the whole 
however, it is probable that the overall effect of the 
analytical assumptions made is moderate to very "conservative" 
Vllt 1S' values are chosen that are likely to somewhat overstate 
^ unAe.rs^te^ risks- The rationale for this approach < 

frhat M!* 3 relatlvely hl9h degree of certainty to be achieved 2 
so that the worst-case exposure scenario actually represents a 
plausible upper bound on exposures and risks. o 

o 

i—1 00 a> 
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6•5•3 Uncertainty in Tpxicoloqical Models "and Parameters 

The final sources of potential uncertainty in the risk estimate 
are the models used to characterize the toxicologic prope^iel 
of the indicator chemicals. Throughout this analyst 
EPA-approved models and toxicologic parameters (Rfds and CPFs) 
effects mUbo?h case carcinogenic and noncarcfnogenic effects. In both cases there are uncertainties built into the 
analyses by virtue of the assumptions used to define the models and derive the parameters. mooeis 

The carcinogenic risk model used assumes a linear non-threshold 
thP rp°F £an?er, induction' which takes as its slope parameter 
the CPF derived as the upper 95% confidence limit of the 
dose-response slope derived using data from specific animal or 
epidemiologic studies of cancer induction. As such, the value 
also tends to be "conservative", giving an upper estimate of the 
true slope parameter. in the case of arsenic, the data used to 
develop the CPF are derived from an epidemiologic study of a 
population in Taiwan exposed to primarily pentavalent arsenic in 
drinking water. Since no speciation data are available fo? 
arsenic m any of the media sampled in this investigation it is 

v,Clt3r h°W closely the speciation is similar to that f" 
canSSt K esPtFimaatedderiVed- ^ magnitude of Potential bias 

analyŝ ŝ  i/° theb̂ omparison̂ of̂ daTlŷ averagê dCse1̂ ĈDIsĴ to 
acceptable chronic intake values (AICs), wUhCDirAic values 
exceeding l.o being indicative of potential heath effects All 
the AIC values used in this analysis are Rfds (reference doses 
derived by EPA using uncertainty factors applied to the results 
o animal. or human studies that demonstrate No Adverse Effects 
n2t effentAEL? .°i,r Lowest Adverse Effect Levels (LOAELS). The 
SoLervatism- the RMS® °f unc\rtainty Actors tends towards conservatism, the Rfds represent values below which averaae 
fSe ymn°,tes -?ry unlikely t0 have an adverse effect on even 
the most sensitive population. They do not necessarilv 
represent doses above which adverse effects will definitely be 

For both carcinogenic and noncarcinogenic effects the 
S; o°f£ emSe isPatmadeS 1.̂  thî  
multrpathway assumption has a firm basis in theory The risk 

route of administration, unless there i c • 7 

be taken into account (AS IS RIR.NO 1 N M 1 J _ R- •  
vs êd̂ â senTcr US iS d°ne ln thiS a"alysis i-V-.US O o 

CO 
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T!j® asf"mp1tion of additivity for multiple pollutant exposures is 
less firmly supported by theory for both carcinoqenic and 
noncarcinogemc effects. However, this assumption is not likelv 
essentiallv'^r1,91^ lmPaCt £°r c««nogenic exposure since essentially all of the routes of exDosure t-ho • i 
dominated by one pollutant (arsenic). ' total risks are 

6 * 5 • 4 Summary of Unrertain<-y 

The quantitative estimates of risk are likelv to hQ 

uncertain, since their derivation involves the interpretation of 
iOdPii^f uncertain analytical data, and the use of imprecise 

Wei-"" iHjisu 
conservative esUniates6 o^^ri^lf^^The^extent^of^this6 somew^af: 
tism, and of the total uncertainty inherent in Se5"-"; 
estimates, cannot be assessed quantitatively but it 
?h^arp"sa-or-mi™simoney or*!""o£aCCUraC* £„or'' these estimates 
justified, based̂  tĥ vâ ê î orE??̂  "0t be 

6.6 CONSIDERATIONS FOR REMEDIAL ALTERNATIVES 

sho^rcon^id""3Vh™ the' p^t n* ViChem S"e 
remedial investigation.However. tW.V."""""A°£._this 

ĉ iĉ ŝedT f̂ ^̂ l̂er̂ f̂oS15 & 

adult n̂dividuâ .6 ĉ r̂f̂ rsV̂  "4 ' " * 
100% absorption rate could be exposed to „i?hnf.tPer -Y W-th 3 

cancer risk greater than inT !fr without experiencing a 
greater than a CDIrRfd ratio of one. 3 noncarcin°9enic risk 

Compound Acceptable Water Concentra-
tion Based ran Health 

Carcinogens 

Arsenic . „ 
Trichloroethene I?*?2 "9'1 3.2 ug/1 
Noncarcinoasns 

Cadmium 
Lead 17.5 ug/1 
Mercury ^ ug/1 

70 ug/1 

9080b 6-38 



Back calculations werf* done to determine acceptable soil 
(/tSC> inf7ar/eniC that WOUld yield a target risk level of 10 to 10 for each group of receptors (i.e., 

residents and workers). Results are shown in Table 6-13. To 
calculate acceptable soil concentrations, proportions were set 
up using the observed soil concentrations divided by the 
calculated risks and setting them equal to the acceptable soil 
concentrations (ASC = x) divided by the target risk levels. The 

s p ausible case concentrations were used. Acceptable 
arsenic soil concentrations at the 10"6 target riSk iSvel 
residents0"" Th^f9 f?r^n~S.lte workers to 4 mg/kg for lifetime 

?I- ? fivefold increase in the acceptable soil 
oTlhl * * workers is primarily a result in the reduction 
?ho 96 number ?f years exposed. For lifetime residents 
wrs for work?rV.Ure ̂  13 ?° y6arS' Whereas U is only "ve 

back-ca lcuTaVedS values f be COnsidered in conjunction with the 

o The back-calculated soil arsenic concentrations that 
correspond to certain risks can be viewed as guidance for 
establishing a health-based cleanup level for arsenic in 
the soils. The health-based criteria, along with 

guidance a?d environmental fate and transport 
°?S' a..re combined to provide the information for 

planners to set a cleanup level for arsenic in the soils. 

° res1iden1tial soil exposure pathway models to set 
Sniin3hTeUP r arsenic on the site soils may be 
applicable, but must be viewed cautiously. The 

i HS011 models assume that the soil is regularly 
ontacted by a receptor, which would occur in a back 

yard, for example. In only one instance, the residence 
adjacent to the former chicken coop area by well EW-14 
is a contaminated soil zone directly adjacent to a 
^fifenCe^Wlth°Ut, there being any access restriction 
between the residence and the contaminated soil zone. 
The contaminated soils in the lagoon area are fenced to 
prevent access. The contaminated soils near well cluster 

15 are not fenced; however, the area is surrounded by 
woods with the closest house being approximately 400 feet oW 3y • 

° confidaj tahltefrn.atiVeS cleanuP criteria must also 
aotiie and /. ®KUSe th® Plant' The plant ** 

; 1- • residential access to most of the 
no lonae,10" a"1 *11" is llmited- » the plant were 
access to rontV®' s;mply Preventing residential to contaminated soil zones would be sufficient 
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TABLE 6-13 

ACCEPTABLE SOIL CONCENTRATIONS FOP 
ARSENIC AT VARIOUS TARGET RISK T.RVBt.jg 

TOTAl, CWER RISK 10 » lo'4 I , in'5 1 „ 1n-
Residential Exposure 
Soil Concentration (ppm) 400 40 4 

Worker Exposure Soil 
Concentration (ppm) 2000 200 20 
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to minimize future health risks via soil exposure The 
present data set shows that off-site surface' soil 
migration has not been occurring. However, this may not 
satisfy regulatory guidance (the NJDEP's 20 mg/kg arsenic 
in soil department guidance for soil cleanup), and may 
not satisfy environmental fate and transport predictions 
(the arsenic in the contaminated soils may leach into the 
groundwater). Also, preventing access would require 
continual administrative oversight. 

o If it is assumed that the plant is no longer active in 
the future, and it is deemed undesirable to simply 
prevent access, then health-based cleanup criteria should 
be considered. Under this scenario, it is desirable to 
know what level to clean the soils to such that the 
remaining arsenic poses an acceptable health risk to the 
nearby residents. This would be required since, under 
these assumptions, access to the site would not be 
restricted and residents could come into contact with the 
plant soils in the same fashion they would contact soils 
in any area away from their house. 

o The residential soil exposure models can be used to 
approximate the health risks that would remain after 
cleaning the plant soils to various arsenic soil 
concentrations, assuming there were no access 
restrictions. However, recall that the residential 
models assume that the soil is regularly contacted by the 
receptor, as would occur in a backyard. Since, under 
these assumptions, the majority of the contaminated soil 
areas would not be in a backyard but would instead be an 
off-site play/hiking area, it is likely that the 
frequency of exposure to the remediated ViChem plant 
soils would be less than the frequency of exposure to 
backyard soils used in the residential soil model. As 
such, the cleanup levels and risks are probably too 
conservative. That is, the risks to residents from 
exposure to plant soils after cleanup would probably be 
lower than those shown on Table 6-13 at the same 
remaining arsenic concentration. Said another way, the 
cleanup level to produce a certain risk is probably 
higher than shown in Table 6-13. However, it is not 
possible to quantify how much effect this has on the 
cleanup levels, since the risk calculations have some, 
uncertainty built into them already as discussed in beetion 6.5. 

If remedial action is taken at the ViChem plant, the mobility of 
arsenic in sandy soils should also be considered. Figures2-11 
to 2-8n show the vertical cross sections of arsenic distribution 

5 

o o 

9080b 6-41 



from soil borings taken when Ebasco wells 1-15 were installed. 
The majority of wells show low arsenic concentration at depths 
ranging from 20 to 80 feet. Therefore, any remedial action 
taken for soil should consider the depth of contamination and 
the rapid movement of arsenic in the soil (see Section 5.1 for 
greater detail). 

The groundwater at the ViChem site flows into the Maurice River 
system (Figures 1-2 and 1-3), which runs approximately 32 miles 
into the Delaware Bay and includes Union Lake, a larqe 
previously used recreation area. Therefore, any decision 
whether to remediate the groundwater at the ViChem plant site, 
and if so in what manner, should consider the downstream effects. 
6.7 ENVIRONMENTAL ASSESSMENT 

The USEPA's Environmental Response Team performed a detailed 
investigation of the environmental impacts in the Blackwater 
Branch and the Maurice River downstream from the ViChem site. 
Their report is included as an appendix in the River Areas RI 
Report (Ebasco, 1989c). 

Pertinent findings of their report may be summarized as follows: 

o There is an adverse impact to the benthic communities in 
the Blackwater Branch downstream from the ViChem plant 
site, which takes the form of lower species diversity and 
a toxic response in bioassay tests done with the 
sediments; and 

o The impact lessens downstream in the Maurice River 
probably resulting from dilution. The Maurice River has 
a much higher flow rate than the Blackwater Branch. 

Potential impacts to terrestrial animals and plants were not 
follows^ in in the RI/FS- The reasons for this are as 

o Arsenic was either undetected or detected at low 
concentrations in soils sampled off the plant site, and 
was also undetected or detected at low concentrations on 
the plant site in areas where past manufacturing 
activities did not occur. The highest off-site soil 
arsenic concentration was 78 ppm. However, this sample 
was taken fairly close to the soil dumping area (the 
clearing by well cluster EW-15), where contaminted soils 
were dumped in the past. When three additional samples 
were taken further removed from this area in undeveloped 
woodlands, arsenic was undetected. It is clear from the 
data that wind-blown arsenic soil contamination is not a 
significant pathway for migration at the site. 
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Bioaccumulation of arsenic in plants is generally low. A 
ltV\T °^nerir°nmentally released radionuclides (Baes, 

n )o^?1IeS narsenic S0il to plant concentration 
factors of 0.040 to 0.006 for vegetative and reproductive 
thP i°owS i° plan^s' respectively. This, combined with 
*5? „-fo levels of arsenic found in the residential and 

Slte areas' yields low levels of arsenic uptake. 

fl! °5 ,animals' the most likely terrestrial animals 
to be hunted are deer, squirrels, and rabbits. These 
animals are all mobile, making it difficult to model 
arsenic ingestion first for the animals, and second for 
humans consuming the hunted meat. Again, because of the 
low level of arsenic seen in nonmanufacturing area soils, 
aU?ma^CaUSe1^°f *he . low uptake rates in plants these 
animals would eat, impacts to terrestrial animals were 
not considered significant. 
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7-° bench-scale treatability studtfir 

The bench-scale treatability studies for the arsenic 
contaminated soils and groundwater from the ViChem site were 
conducted to produce adequate data for the evaluation of the 
technical feasibility and cost-effectiveness of the treatment 
processes tested. Based on the generally feasible technologies 
for arsenic treatment in soils, the following bench-scale tllti were conducted: scare tests 

o Chemical fixation and solidification test; and 

o Chemical extraction of arsenic from soils test. 

ViChem has demonstrated the physical-chemical precipitation for 
arsenic removal from contaminated groundwater. ViChem uses this 

ln t.heir existl"9 wastewater treatment plant and 
icallv i/ f°h=t a 0.°5 mg/i total arsenic discharge level period-
ically if the influent concentration is low. if the influent 
concentration is high, however, the system may not achieve this 
level. Therefore, the following bench-scale tests were conducted 
for polishing the treated effluent after it was pre treated bv 
physical-chemical precipitation to remove most of the arsenic: 

o Adsorption of arsenic; 

o Removal of arsenic by ion exchange; and 

o Removal of arsenic by reverse osmosis. 

thl flxtrlactionStt^freaC°HnaUCteai>y L°pat EnterP"ses, Inc. and rne extraction test and groundwater polishing tests WPTP 
performed by Hittman Ebasco Associates Incorporated (HEAD during the summer and fall of 1987. (HEAI) 

Each of these bench-scale tests is discussed separately in the 
testinanohWfSeCtl0nav For each test, the discussion covers the 
testing objectives, description of the test, the results and thp 
conclusion. The laboratory testing materials (e.g. soilsT 
apparatus, procedures, and results of the bench-scale 'tests are 
presented in Appendices G, H and I of this report 
7.1 SOIL FIXATION TEST 
Soils from the ViChem site contain total arsenic concentrations 
in the range of not detected to 400 mg/kg. Four a?seniS species 
contained in the soils are As (VI As (tt-m fu 7 speci<rs 
acid (MMAA\ a- 7.,- , ^ '' vHI), monomethyl arsenic d (MMAA) and dimethyl arsenic acid (DMMA). The inoraanic 
arsp^rai 1S e!tlmated t0 be approximately 75% of the total 
arsenical species. The laboratory analysis for the chemical 
fixation of soils is described in Appendix H. chemical 

f rom S° theSam,^hot f°sDntth»e chemical fixation tests was collected ° 
Auaush id 1QA7 area ^ well cluster EW-14 on August 14, 1987. The sample testPd was a - , ? 
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individual samples collected from around the area. The area was 
chosen for sampling based on the preliminary results of thp surface soil sampling. 

7.1.1 Objectives 

Tn® therP«°nSiei °f Vi® KixaJi0" t6St was to confirm whether arsenic 
in the soil could be chemically stabilized or physically bound 
thai 5SOma/iSUCft leachable arsenic concentrations were less 
than 5 mg/1 after performing the RCRA Extraction Procedure 
Toxicity Test (EP Tox) on the fixed soil. At the time thetests 
were performed, it was believed that if the leachate arsenic 
concentrations were less than 5 mg/1, the fixed soil would thin 
be considered nonhazardous and could be disposed in a 
nonhazardous waste landfill. Subsequent guidance has been 
received on the criteria for nonhazardous waste disposal of the 
treated soils. These criteria are discussed in detail in the 
plant site FS report (Ebasco, 1989b). 

7-1.2 Description of Test 

The fixation test consisted of four (4) sequential tasks: 
o Soil characterization; 

o Chemical fixation and solidification with different formulations; 
1 

o Unconfined compressive strength (UCS) test and RCRA 
Extraction Procedure (EP) Toxicity Test; and 

o USEPA Multiple Extraction Procedure (MEP) test. 
Soil Characterization 

The sou sample was analyzed for total arsenic content and total 
organic carbon content to determine whether the sample was repre-
Pon^tlVt rf suitable for testing. The sample was found to 
4 100 ma/ko TMJniC °f 40?.mg/k9 and total organic carbon of 4,100 mg/kg. This was considered representative of the hiahest 
arsenic concentration seen in the soils at the ViChem site. 
Fixation and Solidification 

Three samples were treated using three different formulations in 
an attempt to economically transform the soil into materials 
which would meet the performance criteria (e.g., leachable 
arsenic concentration below 5 mg/1 and 1,500 lb/ft2 of UCS). 

A commercial silicated blend known as K-20/LSC Lead-in-Soil 
Control System developed and manufactured by Lopat Enterprises 
ability selected because it! ability to be custom-blended as needed for a Dartimlar 
application. in addition, the K-20/LSC System has been 
demonstrated and proven to be effective for essentially all o? 
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the toxic metals (e.g., Pb, Ba, Cd, Cr, As, Hg, etc.). Although 
to a lesser degree, K-20/LSC has also been proven effective for 
certain organic compounds such as PCBs. 

As shown in Table 7-1, the three samples were chemically fixed 
and solidified using three different mixtures of chemicals (such 
as Darco Gro-Safe Activated Carbon), additives (Portland cement 
T?P™,Vĉ ime J!nd,.fly. Vsh Type F) and the Proprietary reagent (K 20/LSC). The treated samples were allowed 48 hrs of curina 
and drying. a 

UCS Test and EP Toxicity Test 

The treated samples were tested for unconfined compressive 
strength (UCS) during the 48-hour curing and the EP Toxicity 
test (40 CFR 261.24) after 48 hours of curing. 
MEP Test 

The sample which best complied with the performance criteria was 
further tested by the USEPA Multiple Extraction Procedure (MEP) 
test to estimate the long-term stability of exposure to acid 
rain (47 FR 52686-87, November 22, 1982). If the solidified 
sample complied with the leachable concentration of 5 mg/1 for 
all ten sequential extractions, a duplicate treated sample would 
be prepared to demonstrate the reproducibility of the treatment. 
7.1.3 Results 

As shown in Table 7-1, all three treated samples meet the 
performance criteria of fixation and solidification (i.e UCS 
requirement of 1,500 lb/ft2). The leachable arsenic 
concentrations resulting from the EP Toxicity tests were in the 
range of 0.2 to 0.4 mg/1. 

Sample 1106-83-01 consisted of soil, K-20/LSC, activated carbon, 
Portland cement, water and fly ash. After 48 hours of curing, 
the mixtures passed the RCRA EP Toxicity test and its unconfined 
compressive strength reached 9,000 lbs/ft2 as measured by ASTM 
unconfined compressive strength test. This strength is higher 
than the 1500 lb/ft2 generally required for landfilling and is 
sufficient to support truck traffic and other earth moving 
equipment. The soil mixture volume was increased approximately 

t the original soil volume due to the addition of cement. 
Lost tor a full scale operation was estimated to be $150 to $200 
per cubic yard of soil. * 

!imilar to Sample 1106-83-01 but lime was 
so added to the mixture. The mixture passed the EP Toxicity 

ihf/^2 mu3 an unconfined compressive strength of 9,000 
lbs/ft . There was an approximately 25% increase of the 
mixture volume after drying and solidification. The cost for a 
yard ofasoilPeratl°n W8S estimated to be $175 fc° $225 per cubic 
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Sample 1106-84-01 is similar to Sample 1106-83-02 but Portland 
cement was not used in the mixture. The mixture passed the EP 
Toxicity test and had 5,800 lbs/ft2 of unconfined compressive 
strength, above the performance criteria of 1,500 lbs/ft2. 
The mixture volume increased approximately 16% over the soil 
volume. Costs for full scale operation were estimated to be 
$200 to $250/yd2 of soil. 

Sample 1106-83-01 was found to be the most promising of the 
three test formulations and was therefore selected to undergo 
MEP testing. The selection was made based on the consideration 
of cost-effectiveness and the potential for the least volume 
increase of the three mixtures. 

As shown in Table 7-1, the leachable arsenic concentration from 
the MEP test was in the range of 0.07 to 0.21 mg/1 which is far 
below the toxicity criterion of 5 mg/1. All ten sequential 
extractions performed as part of the MEP test passed the 
toxicity criterion. 

A duplicate treated sample was then prepared for MEP testing. 
This duplicate sample also passed the MEP test and demonstrated 
the reproducibility of the treatment. 

The K-20-/LSC System is an inorganic silicate-based material that 
is nontoxic, nonhazardous, and easy and safe to 3pply. The 
major functions of the K-20/LSC System that contribute to the 
successful fixation and solidification of arsenic compounds are 
the: 

o Precipitation of heavy metals contaminants; 

o Encapsulation of heavy metals contaminants; and 

o Protection and stabilization of encapsulated metal 
contaminants from acid rain. 

7.1.4 Conclusions 

Based on these laboratory results, it is concluded that the 
arsenic compounds in vichem plant site soils can be chemically 
stabilized by fixation such that the arsenic is very slightly 
leachable. As discussed in detail in the Plant Site FS, this is 
a promising technology for treating the plant soils for 
nonhazardous disposal. 

7.2 ARSENIC EXTRACTION FROM SOIL TEST 

The soil sample for the arsenic extraction tests was collect 
adjacent to the on-site unlined lagoon UL-A on July 17, 198 H 
The sample tested was a composite sample with samples obtain 2 
from many spots in the area. The laboratory analysis for t! 
chemical extraction of soils is described in Appendix G. o 

r i_i 

vo kO 7-5 3118b 



7.2.1 Objectives 

The primary purpose of the chemical extraction tests was to 
Pefforrnanc® data on the extraction of arsenic oxides and 

methylated arsenic oxides from the soils. The performance 
criterion required that the treated soil contain a total arsenic 
concentration below 20 mg/kg, the NJDEP's department guidance 
for arsenic cleanup levels in soils, cited in the New Jersev 
Environmental Cleanup Responsibility Act Standards (ECRA, 
N J.A.C. 7 26B-1.1 et. seq.). At the time of the test it was 
believed that if successful, the treated soil would be 
considered nonhazardous and could be disposed of in a 
nonhazardous waste landfill. Subsequent guidance on the 
criteria for nonhazardous disposal has been received and is 
discussed in detail in the Plant Site FS Report (Ebasco,1989b) 

the results of this test provided the data to 
determine the amount of and costs for chemicals required for 
successful extraction. This information was needed to determine 

economic feasibility of extracting arsenic from the soils. 
7.2.2 Description of TPSI-

tasks!*16™1031 extraction tests consisted of three sequential 

o Soil characterization; 

o Comparison of extraction reagents; and 

o Evaluation of pH effects on arsenic removal. 

S?Lt<he/tempenrature effects on the extraction of arsenic from 
1989 c and6^ er and Union Lake RI Sports - Ebasco, 
1989, c and e) revealed that high temperature did not result in 
any improvement in arsenic extraction, the evaluation of 
temperature effects was not tested on the plant soils. 

Soil Characterization 

The soil sample was analyzed for total arsenic content and total 
MiJiSl. 1? «•«=•"*»• whether the sample was 
concent rat inn n, i, a „sample contained a total arsenic 

5 of S 71» Jn 9 nl anfl 3 ,total or«anic carbon concentra-
Z a.- mg/kg. The sample represented a more averaae 

concentration of arsenic in the ViChem site soils. 

Comparison Of Extraction Reagents 
The sample was extracted with water, with and without added 
chelating compounds. Sodium citrate, sodium oxalate and 
ethylenediaminetetra-acetate (EDTA), all commonly used extract­
ing agents, were the three chelating reagents tested. A 200 g 
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sample was added with 200 ml of aqueous reagent to form a slurry. 
The slurry was stirred continuously for two hours at a speed of 
40 rpm. The treated samples were allowed to settle and the 
settled samples were then analyzed for total arsenic and total 
organic carbon. The tests for the chelating reagents evaluation 
were conducted at room temperature and a pH of 7.0. 

Evaluation Of PH Effects on Arsenic Removal 

The samples were extracted with water at different pH levels to 
determine the optimal pH for arsenic extraction. Sodium 
hydroxide and hydrochloric acid were used to adjust the samples 
from near-neutral condition to acid and alkali conditions. The 
samples were extracted with water at pHs of 7.0, 12.0 and 3.0. 
7.2.3 Results 

As shown in Table 7-2, the extraction without a chelating reagent 
did remove arsenic from the soils to 17 mg/kg which is below the 
performance criteria (i.e., 20 mg/kg of total arsenic) at room 
temperature and near-neutral pH. Chelated extraction with sodium 
citrate was less effective than water at removing arsenic under 
these conditions. The extracted sludge after washing (to remove 
residual reagent) contained 44 mg/kg of total arsenic, higher 
than the target concentration of 20 mg/kg of total arsenic. 

Chelated extraction with sodium oxalate and EDTA were similar to 
sodium citrate and did not remove the arsenic from the soil 
below the performance criterion. 

The pH effects on the removal of arsenic from the soils were 
?°2r'* Adverse effects resulted in the extreme acidic condition 

u- 12' since the final concentration was greater than that 
achieved by water alone. The experiment indicated that the 
extreme alkali condition (pH of 12.0) did not result in any 
improvement of arsenic extraction with water only as shown in 

Costs for a full-scale operation of arsenic extraction from the 
ViChem site soils were estimated to be $100 to $150/yd3 using 
water only. 1 y 

7-2.4 Conclusi nnc; 

ff™*- °n th®Se laboratory results, it is concluded that the 
target arsenic concentration (below 20 mg/kg of total arsenic) 
ronrtif- achie^ed for the soils by water extraction at a neutral < 
condition and at room temperature (24°C). It should be noted £ 
that since the soil chemical constituents and physical 
t uctures dominate the extraction behaviors, a pilot-scale test o 

A so ^ this water ^traction result. ° 
disnAsai nf previously, the target criteria for nonhazardous 
fhe h * S S as chan9ed from that anticipated at m 
!! n, study. The current criteria are discussed £ 
in detail in the Plant Site FS Report (Ebasco, 1989b). i-* 
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TABLE 7-2 
SUMMARY OF TREATABILITY TESTS FOR THE FYTRACTTON OF 

ARSENIC FROM SPIT. 

Soil Characterization 

Sample Number 

836-003-01 

Sample Number 

836-006-05 
836-009-05 

836-006-01 
836-006-03 

836-006-02 

836-006-03 

Sample Number 

836-006-05 

836-006-04 

836-006-06 

Untreated Soil 
Total As TOC 
(mq/kg) (ma/ka) 

114 5,730 
Selection of Chftlatina Reagents 

Total As (ma/ka) 
Treated Soil* 

Total As TOC 
(ma/ka) (ma/kg) 

No Chelator, pH = 7.0, 24°C 

Sodium Citrate 2,575 mg/1, 
pH = 7.0, 24°C 

Sodium Oxalate 2,835 mg/1, 
pH = 7.0, 24°C 

EDTA (Tetrasodium Salt) 
1,173 mg/1, pH » 7.0, 24 °C 

17 
41 

43 
40 

44 

35 

82 

90 

97 

81 
PH Effects 

—Total As (ma/kg) 

No Chelator, pH = 7.0, 24 °C 

No Chelator, pH = 12.0, 
24 °C 

No Chelator, pH = 3.0 
24 °C 

Treated Soil 
Total As TOC 
(ma/ka) (ma/kg) 

17 

17 

38 

82 

84 

98 

* Performance criterion - Treated sediments contain total As 
less than 20 mg/Kg. 
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7.3 ADSORPTION OF ARSENIC FROM GROUNDWATER TEST 

The groundwater sample for the arsenic adsorption tests was 
collected from ViChern's monitoring well MW—1 on July 29, 1987 
MW-1 is located near the lined concrete lagoon, LL-2. The 
laboratory analysis for groundwater is described in Appendix I. 
7.3.1 Objectives 

The primary purpose of the arsenic adsorption tests was to 
'° tf1? PeJ^orrnan^e data on the adsorption of arsenic oxides and 
methylated arsenic from the groundwater pretreated by physical-
chemical precipitation to assess the feasibility of further 
polishing by the activated adsorption technology. The perfor­
mance data would be the basis for evaluating the technical 
feasibility and cost-effectiveness of the activated adsorption 
processes in terms of producing a final effluent with total 
arsenic concentration below 0.05 mg/1, the Federal Safe Drinking 
Water Standard. If successful, the treated water would comply 

New Jersey State Pollution Discharge Elimination System 
(SPDES) permit requirements and could be discharged to the 
nearby receiving water body. 

7.3.2 Description of Tast 

The arsenic adsorption test consisted of three steps: 

o Groundwater characterization; 

o Activated alumina adsorption; and 

o Titanic oxide adsorption. 

Granular activated carbon (GAC) adsorption studies published in 
the literature indicated that the GAC treatment technology was 
not effective for arsenic removal from aqueous wastes (Lee and 
Rosehart, 1972). Therefore metal oxide adsorbents were tested 
instead of GAC adsorbents. 

Groundwater Characterization 

The groundwater sample from MW-1 was analyzed for total arsenic 
content to determine whether the sample was suitable for 
testing. The sample was found to contain total arsenic of 1.61 
mg/1 which may be within the range of total arsenic 
concentration in the ViChem treated effluent. The ViChem 
wastewater treatment plant consists of a series of unit 
operations including acidification, potassium permanganate 

chloride precipitation, solids/liquids 
separation and effluent pH adjustment with sodium hydroxide. < 
Iffi.l f C nSnCn0t always achieve an arsenic content in the g 

® <1- 4! I therefore these polishing technologies were investigated. o 
o 

Nj o 
7-9. 00 
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Activated Alumina Adsorpt-jon Isofherm Tesl-s 

The batch adsorption tests consisted of a series of tests in 
which six difference dosages of adsorbent (activated alumina) 
were mixed with the sample on a shaker table lasting for five 
days. A series of six alumina absorbent dosages, 5.1 mg/1, 11.o 
mg/1, 22.1 mg/1, 43 mg/1, 82.1 mg/1 and 103 mg/1 were tested for 
five days. Activated aluminum oxides (F-l grade ALCOA, 28-48 
mesh) were tested at a pH of 6.0 and a room temperature. A pH 
of 6.0 was indicated to be an optimum value for both As (V) and 
As (III) adsorption onto alumina by previous experiments in the 
referenced literature. 

The testing procedures included recording the dry weight of 
adsorbents, mixing adsorbent and sample water on shaker tables, 
separating adsorbent particles from the liquid, and analyzing 
the total built-up arsenic content of the decantant. The liquid 
phase of the shaken samples was decanted and filtered and 
analyzed for total arsenic. 

Titanic Oxide Adsorption Isotherm Tesl-s 

Reagent grade titanic oxide (TiO) from the Fisher Chemical 
Company (T-315), without any further purification or 
pretreatment, was used for adsorption isotherm tests in 
procedures similar to the alumina adsorption tests. A series of 
six titanic adsorbent dosages, 10.0 mg/1, 20.0 mg/1, 40 mg/1, 
80;0 mg/1, 160 mg/1 and 400 mg/1, were tested for the five day 
shaker adsorption process. 

7.3.3 Results 

The alumina adsorption testing results at various adsorbent 
dosages are presented in Table 7-3, and a plot of log (X/M) 
versus log C are presented in Figure 7-1. x/M is the amount of 
arsenic adsorbed per unit weight of adsorbent, and C is the 
equilibrium concentration of arsenic remaining in solution As 
shown in Figure 7-1, the best fit to calculate the empirical 
constants in the Freundlich adsorption isotherm equation is 

X/M = 0.117 C exp 0.46 

where C is in ug/1 
X/M is in mg/g 

This equation can be used to estimate the alumina adsorption 
capacity and efficiency. As shown in Table 7-3, the alumina 
dosages of 43.0 mg, 82.1 mg and 103 mg in Experiment #1, and 
alumina dosages of 50 mg, 100 mg and 500 mg in Experiment #2 
removed arsenic from the groundwater to concentrations below the 
performance criteria of 0.05 mg/1. it is estimated that for an 
effective equilibrium arsenic concentration of 50 ug/1, absorbent 
loading capacity would be approximately 0.71 mg arsenic per gram 
of alumina. In order to reduce the initial arsenic concentration 
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TABLE 7-3 

ALUMINA ADSORPTION DATA SUMMARY 

FLASK M (mg) C (ug/L) x (ug) x/M (mg/g) 

EXPERIMENT #1 

A 0 

B 5.1 

C 11.0 

D 22 . 1 

E 43.0 

F 82 .1 

G 103 

EXPERIMENT U7 

A 0 

B 20 

C 50 

D 100 

E 500 

188 

178 

143 

101 

52 

33 

36 

191 

98 

50 

15 

11 

2.5 

11.25 

21.75 

34.00 

38.75 

38.00 

23.25 

35.25 

44.00 

45.00 

0.49 

1.02 

0.98 

0.79 

0.47 

0.37 

1.16 

0.70 

0.44 

0.09 

M = Adsorbent added to flask 

C = Aqueous As concentration after 5 days 

X = Total As removed from solution by adsorbent 
X/M = Solid phase loading capacity 
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from 1,610 ug/1 to the 50 ug/1 target value, approximately 
: h al°fH aiUmina W°Uld have to be added to eaSh liter of 
ViChem groundwater, i.e., 2300 mg/1 alumina dosage rate. 

JniMh°iUld be n4?te.d. that in the results shown in Table 7-3, the 
(from l Tio^nn/i ?n W3S reduced approximately 88% 
ii 1 T P nn9/it0i 188 ug/1) after five days shaking and 

g. The potential mechanisms of this phenomenon would be: 

Vigorous aeration oxidized most of the dissolved 
arsenic to form fine arsenic oxide particles which were 
filtered prior to the total arsenic analysis; and 

- Adherence of fine arsenic oxide particles to the 
borosilicate glass walls. 

In order to determine the exact reason, a duplicated test usina 
teflon flasks was performed. The testing Jesuits <Explr?men? 
#2) are presented in Table 7-3. As shown in Table 7-3 it was 

th3t arsenic nidation is the primary function of the 
initial arsenic concentration reduction. 

The titanic oxide adsorption test results at various adsorbent 
unsuitahl^f presented in Table 7"4. The titanium oxides were 
in Table 7 / ̂ddlno9 the 9roundwater. As shown ' 4 ,  a d d i n g  t h i s  a d s o r b e n t  a c t u a l l y  i n c r e a c p f l  < - h o  
lahor't concentration in the treated groundwa(e? ^ 
laboratory grade TiO contained approximately 2.4 mg/1 arsenic 
fw w1"9 Fisher Chemical Company. In consideration of 
the observed leaching of arsenic from (he adsortlnt7 isotherm 
constants were not calculated for the TiO experiment. 

were" .Simrti1""^ Vo'.Vs"?? $0.3? o'fth" 
disposal?*^ 9toundMat« excluding the cost' of 'spent alumiHa 

7.3.4 Conclusions 

below 0 05mo/1 IIIpacontaining a total arsenic concentration 
g e n e r a l t h e a l u m i n a „ h a £ ®  D r l n k i n 9  " a t e r  S t a n d a r d .  i n  general, the alumina adsorption capacity is in the ranoe of ? *.n 

TheVich"MiC 9ram of alumina (Lee and Roseha?t, 1972) The ViChem groundwater polishina test«? «•>,«„ ^ u 

especially for the low concentration of arsenic in <-ho 
adsorbent61" befc ̂ conditionedA byhydrochloric acid F"to alUmina 

arsenic*loadinĝ capacTtŷ  âŝ he '*f 
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TABLE 7-4 

TITANIUM OXIDE ADSORPTION DATA STTMMAPV 

^(mg) C (ug/L) x (ug) x/M (mg/g) 

A 0 65 

B 10'° 97 -8.0 -0.80 

C 20-° 148 -20.75 -1.04 

D 40-° 196 -32.75 -0.82 

E 80-° 160 -23.75 -0.30 

F 160 256 -47.75 -0.30 

G 400 266 -50.25 -0.13 

M = Adsorbent added to flask 

C = Aqueous As concentration after 5 days 

X = Total As removed from solution by adsorbent 

X/M = Solid phase loading capacity 
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7.4 ION EXCHANGE REMOVAL OF ARSENIC FROM GROUNDWATER TEST 

The groundwater sample for the ion exchange tests was collected 
from the ViChem's monitoring well MW-1 on July 29, 1987. MW-l 
is located near the eastern lined lagoon, LL-2. 
7.4.1 Objectives 

The primary purpose of the arsenic ion exchange tests was to 
obtain performance data on the ion exchange of arsenic from the 
groundwater pretreated by physical-chemical precipitation to 
assess the feasibility of further polishing by the ion exchange 
technology. The performance data such as ion exchange capacity, 
breakthrough characteristics and regeneration requirements would 
be the basis for evaluating the technical feasibility and 
cost-effectiveness of the ion exchange process in terms of 
producing a final effluent with a total arsenic concentration 
below 0.05 mg/1, the Federal Safe Drinking Water Standards. If 
successful, the treated water would comply with the New Jersey 
State Pollution Discharge Elimination System (SPDES) permit 
requirements and could be discharged to a nearby receivinq water 
body. y 

7.4.2 Description of Test 

The arsenic ion-exchange tests consisted of four steps: 

o Groundwater characterization; 

o First run column ion exchange elution test; 

o Resin regeneration; and 

o Second run column ion exchange elution test. 

Two types of commercially available resins were selected for the 
entire cycle of ion exchange test and included: 

Dowex AG 1-X8 resin, a strong base anion exchange resin 
m chloride form and 100-200 mesh size; and 

Amberlite IRA-400 resin, a strong base anion exchange 
resin in chloride from and 50—100 mesh size. 

Groundwater Characterization 

The groundwater sample was analyzed for total arsenic content to 
determine whether the sample was suitable for testing. The 
sample was found to contain total arsenic of 0.4 mg/1 which is 
within the range of the total arsenic concentration believed to 
be present periodically in the effluent from the ViChem 
wastewater treatment plant. 

o 

o 
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Dqwex AG1-X8 Resin Inn Fxchanap Column Tp^fp 

The minicolumn ion exchange tests were performed under the following experimental conditions: unaer tne 

Average Flow Rate = 2.3 ml/min 
Bed Volume (void) = 6.6 ml 
Empty Bed Contact Time (EBCT) = 2.8 min 
Effluent Samples =6 
Run Time = 1,440 min (24 hrs) 

The groundwater sample was pH adiusted at q ? 
hydroxide, the optijl pH for'thl! W of 
Table 7-5 presents the results of the ion exchange tests. Cnange* 

Upon the completion of the first 24-hour elution run, the resin 
was regenerated using a 10% (w/v) sodium chloride solution ?Je 

TheWahu1a,<ll0"ed t0 *?*k f01.24 hrS in a 140 SIS ,ô ! 
. . bulk regenerant contained approximately 8,860 mq/1 

t̂ â enfr̂ vê 6 rafl8M"Bt * appr'oxi°mâ  

^amoSeCOnd aUn ion exchan9e column tests were performed by the 

Average Flow Rate = 1.9 mg/min 
Bed Volume (void) =6.6 ml 
Empty Bed Contact Time =3.5 min 
Effluent Samplings = 6 
Run Time = 1,770 min (29.5 hrs) 
pH = 9.2 

ion exchange"testsS° Presents the results °£ the second tun 

Amberlite IRA-4QQ Resin Ion Exchange Column Tps)-g 

The Amberlite IRA-400 resin was used for the ion exchanqe column 
The io in p^ocedures similar to the Dowex AG1-X8 resin tests 
The ion exchange tests consisted of a first run 24-hour elution' 
resin regeneration, and a second run 24-hour elution under following experimental conditions: unaer the 

1st Elution Run: 

Average Flow Rate =2.8 ml/min 
Bed Volume (Void) = 7.4 ml 
Empty Bed Contact Time =2.7 min 
Effluent Samplings =7 ^ 
Run Time = 1440 min (24 hrs) 2 

o o 

8118b 7-16 
to 
o 



TABLE 7-5 

ANALYTICAL SUMMARY OF DOWEX AG 1-X8 ION FYCHANGE TFRT 

RUN #1 TO: 9/16/87 @ 1645 (Initial Time) 

Sample 
Identification 

836-013-01 
836-013-02 
836-013-03 
836-013-04 
836-013-05 
836-013-06 

Time of 
Collection 

Arsenic Content 
(ug/Li 

To 
To 
To 
To 
To 
TO 

7 min. 
1 hr. 
4 hrs. 
8 hrs. 
15.75 hrs 
24 hrs. 

Total Arsenic Content of Bulk Refrigerant 
Total Volume = 140 ml 8,860 ug/L 

5 
5 
5 
5 
6 

10 

RUN #2 To: 9/21/87 @1530 (Initial Time) 

Sample 
Identification 

836-016-01 
836-016-02 
836-016-04 
836-016-05 
836-016-06 
836-016-03 

Time of 
Collection 

To 
To 
To 
To 
To 
To 

7 min. 
1 hr. 
8 hrs. 
17.5 hrs 
24 hrs. 
29.5 hrs 

Arsenic Content 
(ua/L) 

38 
13 
13 
8 
10 
10 
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Resin Regeneration: 

Regenerant = 10% (W/V) sodium chloride 
Regenerant and Rinse Volume = 145 ml 
Arsenic content of Bulk Regenerant = 3,420 ug/1 (65% of 

arsenic recovered) 
2nd Elution Run: 

Duplicated 1st Elution Run 

Table 7-6 presents the arsenic concentration of each aliquot of 
column elutriate collected at each sampling interval during each run. 

7.4.3 Results 

As shown in Table 7-5, AG1-X8 resin proved to be a very effective 
resin for removing dissolved arsenic from the ViChem groundwater 
at a pH of 9.2. Throughout most of the study, the arsenic con­
centration of the column elutriates were at or just sliqhtlv 
above instrument detection limit (5 ug/1). in every case, the 
arsenic concentrations were, well below the 50 ug/1 target 
level. Based on the experimental results, the AG1-X8 resin can 
produce more than 500 times the bed volume of dischargeable 
water continuously for over 24 hours. In addition, regeneration 
utilizing approximately 20 times the bed volume with a 10% sodium 
chloride solution can recover approximately 95% of the removed 
arsenic. This figure agrees with the typical regeneration 
efficiencies for ion-exchange resins. 

As shown in Table 7-6, Amberlite IRA-400 has a lower ion exchange 
capacity, a shorter breakthrough time and poor regeneration 
efficiency compared with the Dowex AG-1-X8 resin. The average 
arsemc removal capacity of IRA-400 resin is approximately 94% 

.e feedstock (98% for AG1-X8). The regeneration recovery 
efficiency is only 65% for IRA-400 (95% for AG1-X8). Although 
the Amberlite IRA-400 can remove arsenic from the ViChem 
groundwater to below the 50 ug/1 target level, its operating 
conditions are less preferred than Dowex AG1-X8. 

It should be noted that the arsenic concentrations (35 ug/1 to SK Ug^ f®6n after the regeneration of the resin are greater 
than the first run arsenic concentrations (7 ug/1 to 33 ug/1). 
I!?eS!! • reductions of ion exchange efficiency are due to 
the difficulty in removing the regeneration waste from the small 
test tubes, which will not take place in a full-scale operation. 

Costs for a full-scale operation of strong base anion resin ion 
exchange were estimated to be $0.35 to $0.50 per 1,000 gals of 
the ViChem pretreated groundwater, excluding the cost of the 
regenerant disposal. 
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TABLE 7-6 

ANALYTICAL SUMMARY OF AMBERT.TTF ION EyPHANfiE TEST 

RUN #1 TO: September 3, 1987 @ 1530 

Sample 
Identification 

836-011-01 
836-011-02 
836-011-03 
836-011-04 
836-011-05 
836-011-06 

Total Arsenic Content of Bulk Refrigerant: 3,420 ug/L 
Total Volume = 144 ml 

Time of Arsenic Content 
Collection (ua/Ll 

To + 7 min. ]_]_ 
To + 1 hr. 7 
To + 4 hrs. 7 
To + 8 hrs. 12 
To + 16.75 hrs. 33 
To + 24 hrs. 27 

RUN #2 TO: September 9, 1987 @ 1445 

Sample Time of Arsenir rnnfonf 
Identification Collection (ua/L) 
836-012-02 
836-012-03 To + 7 min. 

To + 1 hr. 65 i.u f 1 nr. 1 c 
836-012-04 To + 8 hrs. 
"O-OIH-OS TO + 17.5 hrs. 39 

' To + 16-75 hrs. 19 
836-012-07 To + 24 hrs. 23 

M 
M U1 
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7.4.4 Conclusions 

Based on the laboratory results, it is concluded that the ion 
exchange process using a strong base anion resin can be used to 
polish the pretreated ViChem groundwater, producing a final 
effluent with a total arsenic concentration below 0.05 mg/1, the 
Fedeal Safe Drinking Water Standard. The study identified the 
resin (Dowex AG1-X8) which achieved the 0.05 mg/1 total arsenic 
dischage requirements and produced the performance data of ion 
exchange for technical and economic evaluation. 

7.5 REVERSE OSMOSIS REMOVAL OF ARSENIC FROM GROUNDWATER TEST 

The groundwater sample for the reverse osmosis (RO) filtration 
tests was collected from the ViChem's monitoring well MW-1 on 
July 29, 1987. MW-1 is located near the eastern lined lagoon 

7.5.1 Objectives 

The primary purpose of the arsenic RO filtration tests was to 
obtain performance data on the RO filtration of arsenic 
contaminants from the groundwater pretreated with physical-
chemical precipitation to assess the feasibility of further 
dataS such J? fthS r®VerseK osm°sis technology. The performance 
data such as type of membrane, operating pressure, effluent and 

c^teristics would be the basis for evaluating the 
technical feasibility and cost-effectiveness of the RO process 
m terms of producing a final effluent with total arsenic 
ShanrtsrH3 Tf elow °'°5 mg/1' the Federal Safe Drinking Water 

m t successful, the treated water would comply with N®w Jersey state Pollution Discharge Elimination System 
(SPDES) permit requirements and could be discharged to a nearby 
receiving water body. y 

7-5.2 Description of Tpsi-

The arsenic RO filtration tests consisted of three steps: 

o Groundwater characterization; 

o First RO membrane filtration test; and 

o Second RO membrane filtration test. 

Two types of commercially available RO membranes were selected 
compound^1119 Pretreated groundwater containing low arsenic 

o Spiral wound polyamide membrane; and 

o Spiral wound cellulose acetate membrane. 
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The Osmonics1 products, 192 HR (PA-MS02) polyamide type membrane 
and 192 HR (ST-10) cellulose acetate type membrane were used for 
the reverse osmosis experiment. Both membranes have been 
utilized extensively for water purification and desalting. 
Groundwater Characteristics 
The groundwater sample was analyzed for total arsenic and other 
chemical parameters. The sample was prefiltrated to avoid 
membrane fouling and plugging. The prefiltrated sample 
contained: F e 

Total Arsenic = 0.087 mg/1 
Total Suspended Solids = 1 mg/1 
Alkalinity = 52 mg/1 
Sulfate = 61 mg/1 
Chloride = 58 mg/1 

The arsenic concentration was lower than that used in the other 
tests although it was obtained from the same well (MW-1). This 
well had the highest arsenic concentration of the six wells 
sampled during the site reconnaissance, which were the onlv 
results available at the time the treatability samples were 
obtained. The low arsenic concentration may still be within the 
precipitation'*16 tr6at6d e£"Uent a"er Physical-chemicai 

Spiral Wound Polvamidp Membrane Revprsp Osmosis 

The_ laboratory-scale ' RO system consisted of the membrane, a 
membrane support structure, a containing vessel and a hiah 
pressure pump. other instruments included osmotic pressure 
gauges, flow meters, temperature control and glass fiber 
prefliters. The membrane was tested at three different 
operating pressures, 400 psi, 500 psi, and 700 psi All 
operating conditions were recorded, and .both permeate and 
rejection stream samples were collected and analyzed for arsenic 
filtration tests8 ^ PreSentS the results of reverse osmosis 

Spiral Wpund Cellulose Acetate Membrane Reverse Osmosis Tests 

The cellulose acetate membrane was tested using the same 
procedures as the polyamide membrane tests. The test results 
are also presented in Table 7-7. 

7.5.3 Results 

Jf® str®a!n of reverse osmosis filtration represents 
fhP momS <inJf.u.rit;®s> built UP on the high-pressure side of 

^ 6 while the relatively purified water is transported 
is about 10 tnm2s»ne'f <-lhe /°\ume of the re^ect generated by RO 

D 25-s of the feed volume when an RO system is cost effective. Provisions must be made to treat this potentially 
hazardous reject stream. p diiy 
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TABLE 7-7 

RESULTS AND OPERATING PARAMETERS OF REVERSE OSMOSTS EXPERTMFMT^ 

A. SPIRAL WOUND POT, YAM IDE MEMBRANE 

Operating 
Pressure 
(psn 

Concentrate 
Flow 
(aDh) 

Permeate 
Flow 
(qph) 

Rejection 
(%) 

400 
500 
700 

230 
84 
102* 

33 
38 
54 

85 
55 
47 

*Arsenic content of concentrate stream = 0.054 mg/1 
A. SPIRAL WOUND CELLULOSE ACETATE MEMBRANE 

Operating 
Pressure 
(psn 

Concentrate 
Flow 
(QDh> 

Permeate 
Flow 
(qph) Rej ection 

(%) 
400 
500 
700 

250 
84 
120* 

8.7 
10 
15 

96 
88 
87 

Arsenic 
Content of 
Permeate 
(ma/1) 

<0.005 
<0.005 
<0.005 

Arsenic 
Content of 
Permeate 
(ma/1) 

<0.005 
<0.005 
<0.005 

*Arsenic content of concentrate stream = 0.054 mg/1 

< H 25 
o o 
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ln ,Table 7"7' both spiral wound polyamide and cellulose 
membranes were technically feasible technologies for 

groundwater Under .comP°unds from the viChem 
?nn Jh * operating pressures (400, 500 and 
700 psi), the arsenic concentrations of the permeates were below 
the instrument detection limit (5 ug/1) and were well be!ow the 
0 u i T, • level. However, both membranes produced 
extremely high rejection volumes in the range of 45 to 95% The 
increase of operating pressure (400 psi to 700 psi) would not 

"̂•ti 5e aoeCto°n2SS=tream k\ 3 n°rmal reverse osmosis operating conaition (10 to 25* rejection flow), particulars fnr 

cellulose acetate membrane (96% reduced to 87%). 

^ osmosis is used to reduce the concentrations 
of dissolved solids, both organic and inorganic. The operatina 
pressure is usually in the range of 400 to 500 psi. The volume 
25% 6 pe:,e^ .stream generated by reverse osmosis is about 10 to 
h^ardouTw™5 ^ t0 treat this potentially 

Cost of the full-scale operation of a reverse osmosis fiUraUnn 
were estimated to be $3.50 to $7.00 per 1,000 gal of the VirheS 
?eieitiindsf9r0UnHW-ater dependin9 uPon the requirements of the rejection stream disposal. 

7.5.4 Conclusions 

?^»rc0n„ these laboratory results, it was concluded that the 
reverse osmosis processes could be used to polish the virh^m 
tit!neated groundwater and could produce a final effluent with a 
wate ItranSardC°n£oewlratl0n bel°" °-05 m9/1' the Safe DrlnWng 

However' reverse osmosis would not be a cost-
technol°9y to polish the pretreated groundwater due to 

generating an extremely high volume reject stream and fho 
requirements of operating at very high operatingpressu'res the 

iSonomicaV °f 3 hazardous waste contaminated stream, 
economical use of reverse osmosis would be primarily limited to 
contaminants Th^rn tcontai"-9 a "9h concentration of 
f?nw eVVa? The ViChem pretreated groundwater would be a hiqh 
thi^ mpfh T • con aining low arsenic concentrations. Therefore 

method is not preferred for use at the ViChem site. 

8118b 7-23 



GO M o H o z 
00 

o o 

F-J Nj 
CD 



8.0 SUMMARY AND CONCLUSIONS 

This section summarizes the major findings of the Ri, and 
provides recommendations for future work. Potential remedial 
action objectives are also identified. 

8.1 SUMMARY 

8.1.1 Nature and Extent of Contamination 

The groundwater underneath the site was contaminated with 
substantial^ quantities of arsenic. The contamination was 
restricted to the upper aquifer, identified as the upper sand 
The upper sand was approximately 40 to 50 feet thick where 
contamination was observed. At the base of the upper sand was a 
geologic unit containing clay laminae, identified as the banded 

Bel?w the banded zone, arsenic was detected but not above 
the 50 ug/1 MCL. Many samples contained no detectable arsenic. 

In addition to arsenic, cadmium contamination was also observed 
in the groundwater in the upper sand. Cadmium was previously 
used by ViChem to produce the herbicide ViCad. The cadmium 

WuaS *n . the sarne general location as the arsenic plume. 
Although cadmium was found in the groundwater, it was not found 
i," solls- TCE and lead were also found in the groundwater 
The TCE probably resulted from processes at the plant, while the 
ead was suspected to occur naturally. Pesticides were detected 
in monitoring wells at all depths. The pesticides found, 
however, were not believed attributable to ViChem. 

Some of the soils were contaminated with substantial quantities 
of arsenic. Soils above the water table showed elevated arsenic 
concentrations in the lagoon area, along the plant road, in the 
former chicken coop area in the southwest portion of the site 
and in the clearing in the southeast corner of the site where 
soils stripped from the manufacturing area were dumped. The 
soil contamination was fairly localized. Many of the soil 
samples showed low or undetectable arsenic concentrations. Some 
mercury was also found in the soils. 

The soils below the water table showed fairly low levels of 
l r Sjnj C' excePt for the soils at the upper boundary of the 
banded zone. Elevated arsenic concentrations were seen at that 
depth in most of the well borings that also displayed elevatld 
arsenic concentrations in the groundwater. Well cluster EW-7 
was the only location showing fairly uniform elevated arsenic 
concentrations wlth depth to the top of the banded zone ?he 

c°ncentratl0ns in the soils below the banded zone were low to undetectable. 

i^ver^M^1™ BuiJdi?? #9 were also contaminated with arsenic 
wherp rrv<?^i concentrations. Building #9 is a process building 
where crystalline arsenic wastes were reportedly observed on the 
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with^concrete anf'brick* and"'"he' aro'und^the Suil6in"H 

fluctuati^ig^water * 

Sr^KS?5?, zinc. All of these metals, except possibly zinc were n<s©ri ^ 
the past for manufacturing herbicides. 

recei1ves°f bei?W Jhe unlined lagoon that currently 
receives treated water discharge showed elevated arsenic 
concentrations; however, the arsenic content of the water was 
JamAi . What was bein9 discharged into the lagoon at the time of 
sampling was not known. The water in the UnJi it 
contained elevated arsenic concentrations. goons 

Both the ̂ sediments and the surface water in the Blackwater 
Plant whiip6167^63 arsenic concentrations downstream of the 
?o undetected UP eam arS8niC concent"«°^ »«e very low 

8.1.2 Contaminant Fate and Transport 

and th^S « V'&r s^Sf 

stream^nd'not'flow dunderneatthatitg.r0UnaWa1:er Sh°Uld 1681,31:98 

we8taoSf8ntSePlpUrantin 9rou»a»star erteadea to the north and 
throughout its thickness with'anthei"1Uhlfe|,r .3S contaminated 
observed at its base northwest'o'f t^pUn? "NO contlm^Uon 
thl SpTantn W6lThiCs1US^r EW"V 8Cr0SS the Blacl™ater Branch from 
e Plant. This was interpreted to indicate that i-iL 

m?gratenbe?ow9irt°UndWater dischar9es into the Branch and does not 

downstream of the site was estimated he e,._,.!li"k,^ter Brar>ch 
?rr4Cist0sntSrePa8m H i * 5 1 " ^ " " ' =  <  
1 qp7 ana •estimate was based on data obtained in 

compared well with an estimate prepared in 1982 
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These data suggest that the contaminated groundwater flowing 
from the site was the main source of contamination to the 
Blackwater Branch. It was estimated that approximately six 
metric tons of arsenic per year was flowing off —site into the 
local surface water system where it could be transported 
downstream. 

The present-day arsenic input into the groundwater was estimated 
to be approximately 0.04 to 0.14 metric tons per year, 
substantially less than the calculated outflow. This indicated 
that the effects of past contamination were probably still being 
observed in, the groundwater, with contaminated aquifer materials 
slowly leaching arsenic into the groundwater. 

Based on_ the low partition coefficients calculated for arsenic 
on the site soils, it was estimated that it will take many years 
for the arsenic concentration in the groundwater to fall below 
50 ug/1. The estimated times calculated from the groundwater 
model prepared for the FS depended on the Kd and will be 
discussed in detail in the FS for the No Action Alternative. 
8.1.3 Risk Assessment 

The risk assessment considered present day risks to workers from 
the plant soils and to residents from the residential soils. 
Future risks were also calculated in the event that contaminated 
groundwater, which is not presently used as a drinking water 
source, was used in the future and had the same contamination 
characteristics that it has presently. 

For residents, staged-adult exposure models were developed. 
This allowed a risk characterization assuming that a resident 
lived in the vicinity of the plant site for 70 years and took 
into account the different behavior patterns and body weights 
which would be manifest over a 70-year lifetime. For workers, 
exposure to the plant soils was considered for 5 and 20 year 
durations. 

Both worst case and most plausible risk estimates were 
developed. Worst case risk estimates usod worst case exposure 
assumptions and maximum contaminant concentrations in the soil 
and groundwater. The most plausible risk estimates used more 
realistic exposure assumptions and the geometric mean 
contaminant concentrations in the soil and groundwater. This 
provided a range of risk estimates for planners and other 
personnel to use when deciding on the need for health based 
remedial actions at the site. 

For workers, arsenic was the main contaminant of concern in the 
site soils. The worst case and most plausible risks to workers 
from exposure to arsenic in the plant soils were 4 x 10~3 and 
\ ? 10~, '• resPectively• Risks to workers from other chemicals 
detected in the soils were insignificant. Risks to workers from 
groundwater, even if they consumed the plant production well 
groundwater, were insignificant since the production well's 
arsenic concentration was far below the MCL for arsenic, 50 ug/1. 
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or residents, arsenic was again the main contaminant of concern 
The worst-case and most plausible risks to residents from 
exposure to arsenic m^the residential soils were 1 x 10"4 and 
6 x 10"/, respectively. ana 

JL r*S1?entS t0 develop groundwater supplies from within 
taminated. groundwater plume, they would be subject to 

Under th^CreaSSt- risks, again primarily from arsenic. 
the worst-case assumptions, the calculated risks 

risksawere under„ ,the plausible assumptions the 
ninmf 4. ,As mentloned, groundwater from within the 
plume is not presently used. The calculated levels of risk 
indicate that the groundwater should not be used until the 
arsenic concentration in the plume has substantially reduced 
Itan S f ^ n°ted ^at the Federal Primary Drinking Wate^ 
risk of 2 x ID"361110' U9/1, calculates to a lifetime cancer 

I?® limitatl0ns °f the risk assessment were discussed. The 
discussion pointed out the inherent inaccuracies in risk 
estimates, which make assumptions about population behavior 
^"er"s and chemical toxicological data. It was pointed out 
that the risk estimates on the whole tend to be conservative-
that is, overstating rather than understating risks in an effort 
1^1-f f°r: P,UbllC Safety- Zt was stated that because of the 
assumptions inherent in the pathway models and other 
aScuratenth!n'mthe riSk estimate should be considered no more accurate than plus or minus one order of magnitude. 
8.2 CONCLUSIONS 

8-2.1 Data Limitations 

The samples taken for this RI, with the exception of 
ThA^ samples' were analyzed and validated by the CLP 
These analyses were considered confirmational level Thev 
required full CLP analytical and validation procedures and ITrl 
designed to be legally defensible. These types of ^ly es 
aocumenUUot. -peering aesig^ a„a cMovJS 

which were re jectea in the valiaation process we2e no? 
of ctntaiinationrastn9 bonclus.ions about the nature ana extent 
?Lcentrat?ons " ̂  Slt6' °r "hen "Iculating mean 

Certain field tests were performed, such as pH specific H 
T a^A- .temperature measurements on groundwater 2 

L S- " Edition, some field instrumentation was used in 
usefuimihLk g®opl?yaical survey. These field tests provided ° 
useful background information, but were not the basis for M 
documenting the contamination at the site. 

NJ 
NJ 
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Various quantity estimates presented in this Ri used the CLP 
analytical data and physical measurements made in the field 
For example, the load of arsenic in the Blackwater Branch was 
fnaf^Hr,? 'S® arsenic concentration from the CLP analytical data and flow measured in the field Field 
theSFie?dn̂ n»r̂ r? mad», co"sisttnt "ith the methods presented in 
e Field Operations Plan for the ViChem site (Ebasco, 1986). 

The risk assessment presented in Section 6 is considered 
semiquantitative. This is because some of the estimates in the 
pathway models such as population distributions, the duration of 
exposure, the amount of soil ingested, and so on, are estimated 
measured"at^ the' site. llteratUre values and "0t actually 

8.2.2 Recommendations for Future Work 

The total extent of the arsenic plume in the groundwater is not 
known. Specifically, the extent of the groundwater plume to the 
northwest, west, and south is uncertain. Additional work should 
be undertaken to define fully the extent of this plume through 
the installation of monitoring wells in the upper sand aquifer 
LSah°uldhbe emphasized that the majority of the plume has 
probably been characterized and additional wells would be 
necessary only to define the outer limits of the plume. 

A1®°' J"/1® rea®?n for the very high concentration of arsenic in 
well EW-4M, which is northwest of the site, is unknown. While 
this well is m the upper sand aquifer in the direction of the 
hiaher tb* 3rseanic, concentration here is two orders of magnitude 
higher than anywhere else. There may be another source 
^"hiahlv1 rnnat-rse-ni(t- H° thiS ™eU' °r this may be the remnant of 
can* ™ contaminated arsenic slug moving through the upper 
Sonfn ?h®reason for ^is high peak should be determined. This 
would best be accomplished by installing additional wells 
between the plant site and well cluster EW-4. 

In® surface and subsurface soils have been fairly well 
ini thlS RI' Sufficient data is available to 

However general. locations of soil arsenic contamination. 
SamnlfnA J-i n Sh remedial actions are taken in the future, 

h i necessary to assess definitively the areas for removal based on action levels. 

arsneU|̂ boeitn0t-ĥ Siirn̂ eS We-ri® made rê ardin9 the Partitioning of 
tho 1 4-^ J ! aquifer soils. Despite having a large data base, 
the estimated partition coefficients ranged over a broad 
spectrum and even appeared to vary as a function of the arsenic 
1 hpC6JaV3 in J"he SOil and water- How arsenic partitions tc 
the saturated and unsaturated soils, particularly in terms of 
desorbmg from both, is very important in terms of the future 
offCsite via afhSpniC inHto.the groundwater and arsenic's transport orr-site via the groundwater. 

8118b 8-5 



on For these reasons, column leaching tests should be performed 
the site soils. If properly designed, these tests can help 
determine a) the natural leach rate of arsenic from the soils 
b) arsenic's attenuation characteristics on the soils, c) how 
the partition coefficient varies with arsenic content in the 
soils and d) at what point arsenic will no longer desorb from 
the soils. All of the above are very important parameters to 
define arsenic s overall fate and transport at the plant site. 

8 • 2 • 3 Recommended Remedial Action Ohiectivps 

The data collected in this Rl show that the groundwater in the 
upper sand is discharging into the Blackwater Branch and 
impacting the downstream sediments and surface water. While 
this groundwater is not presently used by area residents, the 
discharge of the groundwater should be stopped to eliminate the 
load of arsenic into the surface waters. 

The soils on the site are contaminated with arsenic at some 
locations. This contamination can leach into the groundwater 
providing a continuous source of arsenic. Also, although the 
risks to area residents from the soils are below target levels 
future uses of the plant property could be limited by the 
arsenic contamination in the plant soils. 

Sllfo S011?, below Building #9 are contaminated with arsenic. 
However, the floor of this building consists of over one foot of 
concrete and brick, and the area around the building is paved 
Therefore the potential for percolation of rainfall through 
these soils is low, although some arsenic may be solubilized by 

fluctuating water table. Risks to people contacting these 
soils are low because the floor provides an effective barrier to 
the contamination. Assuming that a groundwater remediation 
pImp™ Ph capture arsenic solubilized by a fluctuating water 

i*' J • ? JC reason t0 remove the soils below this building 
would be if the plant property were reused for a differen? 
ôsfe.in the future- . If the existing "cap" is removed through 

^ho « S !le ^Se s<renari0' then it will be necessary to define 
extent of contamination below the plant buildings and the 

paved areas on the plant property. 

auanPiPiL i"!ide °f the chicken coops contained substantial 
pn^nrp fhaf various metals. Measures should be taken to 
ensure that public access to the dust in these coops is minimized or eliminated. 

The recommended remedial action objectives for the ViChem plant 
site may be summarized as follows: 

o Eliminate off-site contaminated groundwater migration 
so that the instream standard of 0.05 mg/1 total 
arsenic is not violated in the Blackwater Branch; 
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o Minimize the leachate generated from the contaminated 
soils to the groundwater; 

o Eliminate exposure pathways to contaminated soils and dust; and 

Restore the aquifer for eventual reuse. 

<? 
H 
St 
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W00d'̂ t74- sî tiĉ ,Toir-dV2.toxic elements in the 

Woodward-Clyde Consultants. 1985. RCRA Part B Permit 
pplication for Vmeland Chemical Co., Inc. Vineland, N.J. 

woolsoi, E A. and F c Kearney, 1972. Persistence and Reactions 
??47-~50 Cac0dylic Acids in Soils. Envir. Sci. & Tech. 

Woo1 son, E.A., J.H. Axley, and P.C. Keaney. 1971. The 
chemistry and phytotoxicity of arsenic in soils- I 
Contaminated Field Soils. Soil Sci. Soc. Amer. Proc. A£:' 

WU' HBostonTien' 1976' SOil Mechani«, Allyn and Bacon, Inc. 

8118b 8-16 



^ a. w " * ̂  if * V* »&*** ̂  AMraAdl 1̂ ,-rCfc: ̂ vl 
* i 1«L£fi4Fj5̂  *• 

X"*3f rxgAneuta* 
-*7rS .̂ ̂ 3®EBE| 
"r * £̂g*f+V«8§gS? 

**S \ & *£s "U *̂jP»«r •r-r? *vd ; 
V-r̂  •fci h c x̂ ***̂ 5̂5̂ T5SW î i, - -a 
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